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PREFACE 


As design engineers and engineering professors, the authors have wit¬ 
nessed incredible changes in the way that products are designed and man¬ 
ufactured. One of the biggest changes over the past 20 years has been the 
development and widespread usage of solid modeling software. When we 
first saw solid modeling, it was used only by large companies. The cost of 
the software and the powerful computer workstations required to run it, 
along with the complexity of using the software, limited its use. As the cost 
of computing hardware dropped, solid modeling software was developed 
for personal computers. In 1995, the SolidWorks Corporation released the 
initial version of SOLIDWORKS® software, the first solid modeling pro¬ 
gram written for the Microsoft Windows operating system. Since then, the 
use of solid modeling has become an indispensable tool for almost any 
company, large or small, that designs a product. 

One application of solid modeling in the design process, additive man¬ 
ufacturing, is illustrated on the cover of this book. The flange modeled 
in Chapter 5 is converted to a stereolithograhy file, in which the sur¬ 
faces of the part are represented by series of triangles. This file is then 
transferred to one of the many types of additive manufacturing 
machines (commonly referred to as 3D printers), where a physical pro¬ 
totype can be made quickly. The prototype can be used to verify fit with 
other parts or tested for functionality. In some cases, fully functional 
parts can be made with additive manufacturing. The part on the cover 
was made with a Formlabs Form 2 stereolithography printer, which 
uses a laser to cure liquid resin layer-by-layer to produce a part. 
Additive manufacturing is discussed further in Chapter 13. 


SOLIDWORKS is a registered trademark of Dessault Systemes SolidWorks Corporation. 
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Motivation for This Text 

When we saw a demonstration of the SOLIDWORKS software in 1998, 
we were both instantly hooked. Not only was the utility of the software 
obvious, but the program was easy to learn and fun to use. Since then, 
we have shared our enthusiasm with the program with hundreds of stu¬ 
dents in classes at Milwaukee School of Engineering and East Carolina 
University, in summer programs with high school students, and in infor¬ 
mal training sessions. Most of the material in this book began as tutori¬ 
als that we developed for these purposes. We continue to be amazed at 
how quickly students at all levels can learn the basics of the program, 
and by the sophisticated projects that many students develop after only 
a short time using the software. 

While anyone desiring to learn the SOLIDWORKS program can use 
this book, we have added specific elements for beginning engineering 
students. With these elements, we have attempted to introduce students 
to the design process and to relate solid modeling to subjects that most 
engineering students will study later. We hope that the combination 
of the tutorial style approach to teaching the functionality of the soft¬ 
ware together with the integration of the material into the overall study 
of engineering will motivate student interest not only in the 
SOLIDWORKS software but in the profession of engineering. 


Philosophy of This Text 

The development of powerful and integrated solid modeling software 
has continued the evolution of computer-aided design packages from 
drafting/graphical communication tools to full-fledged engineering 
design and analysis tools. A solid model is more than simply a drawing 
of an engineering component; it is a true virtual representation of the 
part, which can be manipulated, combined with other parts into com¬ 
plex assemblies, used directly for analysis, and used to drive the manu¬ 
facturing equipment that will be used to produce the part. 

This text was developed to exploit this emerging role of solid modeling 
as an integral part of the engineering design process; while proficiency 
in the software will be achieved through the exercises provided in the 
text, the traditional “training” exercises will be augmented with infor¬ 
mation on the integration of solid modeling into the engineering design 
process. These topics include: 

• The exploitation of the parametric features of a solid model, to 
not only provide an accurate graphical representation of a part but 
also to effectively capture an engineer’s design intent, 

• The use of solid models as an analysis tool, useful for determining 
properties of components as well as for virtual prototyping of 
mechanisms and systems, 

• The integration of solid modeling with component manufacturing, 
including the generation of molds, sheet metal patterns, and rapid 
prototyping files from component models. 


Through the introduction of these topics, students will be shown not 
only the powerful modeling features of the SOLIDWORKS program, 
but also the role of the software as a full-fledged integrated engineer¬ 
ing design tool. 


The Use of This Text 

This text primarily consists of chapter-long tutorials, which introduce 
both basic concepts in solid modeling (such as part modeling, drawing 
creation, and assembly modeling) and more advanced applications of 
solid modeling in engineering analysis and design (such as mechanism 
modeling, mold creation, sheet metal bending, and rapid prototyping). 
Each tutorial is organized as “keystroke-level” instructions, designed 
to teach the use of the software. For easy reference, a guide to these 
tutorials is shown on the inside front cover. 

While these tutorials offer a level of detail appropriate for new profes¬ 
sional users, this text was developed to be used as part of an introductory 
engineering course, taught around the use of solid modeling as an inte¬ 
grated engineering design and analysis tool. Since the intended audience 
is undergraduate students new to the field of engineering, the text con¬ 
tains features that help to integrate the concepts learned in solid modeling 
into the overall study of engineering. These features include: 

• Design Intent Boxes: These are intended to augment the 
“keystroke-level” tutorials to include the rationale behind the 
sequence of operations chosen to create a model. 

• Future Study Boxes: These link the material contained in the 
chapters to topics that will be seen later in the academic and 
professional careers of new engineering students. They are 
intended to motivate interest in advanced study in engineering, 
and to place the material seen in the tutorials within the context of 
the profession. 

While these features are intended to provide additional motivation and 
context for beginning engineering students, they are self-contained, and 
may be omitted by professionals who wish to use this text purely for the 
software tutorials. 


New in This Edition 

This new edition of the text has been fully updated for the 
SOLIDWORKS 2017 software package. All tutorials and figures have 
been modified for the new version of the software. 


The Organization of This Text 

The organization of the chapters of the book reflects the authors’ prefer¬ 
ences in teaching the material, but allows for several different options. 
We have found that covering drawings early in the course is helpful in 
that we can have students turn in drawings rather than parts as home- 
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work assignments. The eDrawings feature, which is covered in Chapter 
2, is especially useful in that eDrawings files are small (easy to e-mail), 
self-contained (not linked to the part file), and can be easily marked up 
with the editing tools contained in the eDrawings program. 

The flowchart on the following page illustrates the relations between chap¬ 
ters, and can be used to map alternative plans for coverage of the material. 
For example, if it is desired to cover assemblies as soon as possible (as 
might be desired in a course that includes a project) then the chapters can 
be covered in the order 1-3-4-6-7-2-8, with the remaining chapters covered 
in any order desired. An instructor who prefers to cover parts, assemblies, 
and drawings in that order may cover the chapters in the order 1-3-4-5-6- 
7-2-8 (skipping section 5.4 until after Chapter 2 is covered), again with the 
remaining chapters covered in any order. 

Chapters 9 and 10 may be omitted in a standard solid modeling course; how¬ 
ever, they can be valuable in an introductory engineering course. 
Engineering students will almost certainly find use at some point for the 
2-D layout and vector mechanics applications introduced in these chapters. 
Chapter 13 is intended to wrap up the course with a discussion of how solid 
modeling is used as a tool in the product development cycle. Appendix A 
summarizes the recommended settings to the SOLIDWORKS program that 
are used throughout the book, while Appendix B shows options for cus¬ 
tomizing the SOLIDWORKS interface. 





























Resources for Instructors 

Additional resourses are available on the web at www.mhhe.com/ 
howard2017. Included on the website are tutorials for three popular 
SOLIDWORKS Add-Ins, SOLIDWORKS® Simulation, SOLIDWORKS® 
Motion™ and PhotoView360, and the book figures in PowerPoint format. 
Instructors can also access PowerPoint files for each chapter and model files 
for all tutorials and end-of-chapter problems as well as a teaching guide (pass- 
word-protected; contact your McGraw-Hill representative for access). 
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CHAPTER \ 

Basic Part 

Modeling Techniques 



Introduction 

Solid modeling has become an essential tool for most companies that 
design mechanical structures and machines. Just 20 years ago, this 
would have been hard to imagine. While 3-D modeling software 
existed, it was very expensive and required high-end computer worksta¬ 
tions to run. An investment of $50,000 or more was required for every 
workstation with software, not including training of the operator. As a 
result, only a few industries used solid modeling, and the trained 
operators tended to work exclusively with the software. The dramatic 
performance improvements and price drops of computer hardware, 
along with increased competition among software vendors, have signif¬ 
icantly lowered the cost barrier for companies to enter the solid model¬ 
ing age. The software has also become much easier to use, so that 
engineers who have many other job functions can use solid modeling 
when required without needing to become software specialists. The 
SOLID WORKS® 1 program was among the first solid modeling pro¬ 
grams to be written exclusively for the Microsoft Windows environ¬ 
ment. Since its initial release in 1995, it has been adopted by thousands 
of companies worldwide. This text is laid out as a series of tutorials that 
cover most of the basic features of the SOLIDWORKS program. 
Although these tutorials will be of use to anyone desiring to learn the 
software, they are written primarily for freshmen engineering students. 
Accordingly, topics in engineering design are introduced along the way. 
“Future Study” boxes give a preview of coursework that engineering 
students will encounter later, and relate that coursework to the solid 
modeling tutorials. In this first chapter, we will learn how to make two 
simple parts with SOLIDWORKS software. 


Chapter Objectives 

In this chapter, you will: 

■ be introduced to the 
role of solid modeling in 
engineering design, 

■ learn how to create 2-D 
sketches and create 3-D 
extruded and revolved 
geometry from these 
sketches, 

■ use dimensions and 
relations to define the 
geometry of 2-D 
sketches, 

■ add fillets, chamfers, and 
circular patterns of fea¬ 
tures to part models, 

■ learn how to modify part 
models, and 

■ define the material and 
find the mass properties 
of part models. 


1 SOLIDWORKS is a registered trademark of Dassault Systemes SolidWorks Corporation. 
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4 Part One Learning SOLIDWORKS 


l.l Engineering Design and Solid Modeling 

The term design is used to describe many endeavors. A clothing designer creates 
new styles of apparel. An industrial designer creates the overall look and function 
of consumer products. Many design functions concentrate mainly on aesthetic 
considerations—how the product looks, and how it will be accepted in the market¬ 
place. The term engineering design is applied to a process in which fundamentals 
of math and science are applied to the creation or modification of a product to meet 
a set of objectives. 

Engineering design is only one part of the creation of a new product. Consider a 
company making consumer products, for example bicycles. A marketing depart¬ 
ment determines the likely customer acceptance of a new bike model and outlines 
the requirements for the new design. Industrial designers work on the preliminary 
design of the bike to produce a design that combines functionality and styling that 
customers will like. Manufacturing engineers must consider how the components of 
the product are made and assembled. A purchasing department will determine if 
some components will be more economical to buy than to make. Stress analysts will 
predict whether the bike will survive the forces and environment that it will experi¬ 
ence in service. A model shop may need to build a physical prototype for marketing 
use or to test functionality. 

During the years immediately following World War II, most American companies 
performed the tasks described above more or less sequentially. That is, the design 
engineer did not get involved in the process until the specifications were completed, 
the manufacturing engineers started once the design was finalized, and so on. 
From the 1970s through the 1990s, the concept of concurrent engineering became 
widespread. Concurrent engineering refers to the process in which engineering tasks 
are performed simultaneously rather than sequentially. The primary benefits of con¬ 
current engineering are shorter product development times and lower development 
costs. The challenges of implementing concurrent engineering are mostly in 
communications—engineering groups must be continuously informed of the actions 
of the other groups. 

Solid modeling is an important tool in concurrent engineering in that the various 
engineering groups work from a common database: the solid model. In a 2-D CAD 
(Computer-Aided Design) environment, the design engineer produced sketches of 
the component, and a draftsman produced 2-D design drawings. These drawings 
were forwarded to the other engineering organizations, where much of the informa¬ 
tion was then duplicated. For example, a toolmaker created a tool design from 
scratch, using the drawings as the basis. A stress analyst created a finite element 
model, again starting from scratch. A model builder created a physical prototype by 
hand from the drawing parameters. With a solid model, the tool, finite element 
model, and rapid prototype model are all created directly from the solid model file. 
In addition to the time savings of avoiding the steps of recreating the design for the 
various functions, many errors are avoided by having everyone working from a 
common database. Although 2-D drawings are usually still required, since they are 
the best way to document dimensions and tolerances, they are linked directly to the 
solid model and are easy to update as the solid model is changed. 
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A mechanical engineering system (assembly) may be composed of thousands of 
components (parts). The detailed design of each component is important to the 
operation of the system. In this chapter, we will step through the creation of simple 
components. In future chapters, we will learn how to make 2-D drawings from a 
part file, and how to put components together in an assembly file. 


1.2 Part Modeling Tutorial: Flange 

This tutorial will lead you through the creation of a simple solid part. The part, a 
flange, is shown in Figure I. I and is described by the 2-D drawing in Figure 1.2. 


FIGURE l.l 



FIGURE 1.2 



Begin by double-clicking the SOLIDWORKS icon on your desktop. Click on the New 
icon, as shown in Figure 1.3. If the Units and Dimension Standard box appears, as 
shown in Figure 1.4, select “IPS” as the units and “ANSI” as the standard. Click OK. 

FIGURE 1.3 _ FIGURE 1.4 
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Creates a new document. 
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Dimension standard: 
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NOTE: These settings can be changed for individual 
templates or documents in Tools, Options, 
Document Properties. 


OK | | Cancel ] | Help 
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The Units and Dimension Standard box only appears the first time SOLIDWORKS is 
opened. The selections become the default values for all new files. In this chapter, we will 
see how to set these values for individual files and to change the default values. 

A dialog box will appear, from which you are to specify whether we are creating a part, 
an assembly, or a drawing (see Figure 1.5). 


FIGURE 1.5 



Before we begin modeling the flange, we will establish a consistent setup of the SOLID- 
WORKS environment. The default screen layout is shown in Figure 1.6. The graphics area 
occupies most of the screen. The part, drawing, or assembly will be displayed in this area. 
At the top of the screen is the Menu Bar, which contains the Main Menu and a toolbar with 
several commonly-used tools such as Save, Print, and Redo. Note that if you pass the cur¬ 
sor over the SOLIDWORKS button in the Menu Bar, the Main Menu will “fly out,” or be 


FIGURE 1.6 
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temporarily displayed, as shown in Figure 1.7. The fly-out feature is 
designed to save room on the screen. However, since we will be using the 
menu often, we will disable the fly-out so that the menu is always dis¬ 
played. 

Move the cursor over the SOLIDWORKS button to display the menu. 
Click on the pushpin icon at the right side of the menu, as shown in 
Figure 1.8, to lock the display of the menu. 

FIGURE 1.8 


FIGURE 1.7 
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FIGURE 1.9 
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The CommandManager contains most of the tools that 
you will use to create parts. When working in the part 
mode, there are two categories of tools that we will use 
extensively: Sketch tools used in creating 2-D 
sketches, and Features tools used to create and modify 
3-D features. Clicking on the Sketch and Features tabs 
at the bottom of the CommandManager, as shown in Figure 1.9, 
changes the tools on the CommandManager to those of the selected 
group. By default, there are several other groups available besides 
the Sketch and Features groups. To simplify the interface, we will 
hide these groups for now. 


Right-click on one of the 
CommandManager tabs. A 
list of available groups is 
displayed, with a check 
mark shown beside each active group (Figure 
1. 10). Click on any of the active groups other 
than Features and Sketch. This will clear the 
check mark and turn off the display of that 
group. Repeat until only the Features and 
Sketch groups remain active. 

At the right side of the screen is the Task 
Pane. The Task Pane is a fly-out interface for 
accessing files and online resources. We will 
not use the Task Pane that often, but since it 
takes up very little room in its normal col¬ 
lapsed state, we will leave it on. If you would 
like to turn it off completely, select View: User 
Interface from the Main Menu and click on Task 
Pane. 

At the bottom of the screen is the Status Bar. When 
you move the cursor over any toolbar icon or menu 
command, a message on the left side of the Status 
Bar describes the command. Other information 
appears at the right side of the Status Bar, as shown in Figure 1 . 11 . The unit system in 
use is displayed and can be changed directly from the Status Bar. Another feature, called 
Tags, allows keywords to be associated with files and features. We will not be using 
Tags in this book. Although the display of the Status Bar can be toggled off and on from 
the View menu, we recommend leaving it on. 
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FIGURE 1.12 



Just to the left of the drawing area is the FeatureManager® Design Tree. The 
steps that you will execute to create the part will be listed in the FeatureManager. 
This information is important when the part is to be modified. When you open a 
new part, the FeatureManager lists an origin and three predefined planes (Front, 
Top, and Right), as shown in Figure 1.12. As you select each plane with your 
mouse, the plane is highlighted in the graphics area. We can create other planes 
as needed, and will do so later in this tutorial. 

At the top of the graphics area is the Heads-Up View Toolbar. This toolbar con¬ 
tains many options for displaying your model. We will explore these options 
later in this tutorial. 


FIGURE 1.13 
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We will now set some of the program options. 

Select the Options Tool from the Menu Bar toolbar, as shown in Figure 1.13. 
(You can also access the options from the Main Menu, by selecting Tools: 
Options.) 


FIGURE 1.14 


System Options | Docununt Proptrtiti 





The dialog box contains settings for both the system and for 
the specific document that is open. 

Under the System Options tab, choose Colors and change the 
icon color to “Classic” and the color scheme to “Green 
Highlight,” as shown in Figure 1.14. 

The Classic option for icon colors makes many of the icons 
display in colors other than the default blue and black, making 
them easier to recognize for new users. The Green Highlight 
scheme causes currently selected items to be highlighted in 
green, as the name implies. The default option is for selected 
items to be highlighted in light blue. Since another shade of 
blue is used for other purposes, green highlighting is used in 
this book to avoid confusion. Since these changes were made 
to the System Options, they will remain in effect for future 
SOLIDWORKS sessions. The changes below, which will be 
made to the Document Properties, will apply only to the cur¬ 
rent part model. 

Select the Document Properties tab. In the list of options, 
Drafting Standard will be highlighted. Select ANSI from the 
pull-down menu, as shown in Figure 1.15. 

ANSI is the American National Standards Institute, an orga¬ 
nization that formulates and publishes the standard drawing 
practices used by most companies in the United States. 
European companies are more likely to use the standards of 
ISO, the International Organization for Standardization. 


Also under the Document Properties tab, select Dimensions. Use the pull-down 
menu by the Primary precision box to set the number of decimal places to 3 (.123), 
as shown in Figure 1.16. Select Grid/Snap and check the box labeled “Display Grid,” 
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as shown in Figure 1.17. Also, select Units and set the unit sys¬ 
tem to IPS (inches, pounds, and seconds), the primary length 
precision to .123 and the precision for angles to None, as 
shown in Figure 1.18. 


FIGURE 1.17 


Drafting Standard 


Note that there are “Dual Dimension” units that can be set in 
the Units options. For some drawings, you may want to show 
dimensions in both US units (inches) and SI units (millime¬ 
ters). Since we will not use dual dimensions for this part, it is 
not necessary to change the default settings. Also note that we have set FIGURE 
the decimal display to .123 in two separate locations. The display of 
decimal places can be changed at either location. 


Click OK to close the dialog box. 

Any of the options just set can be changed at any time during the model¬ 
ing process. Later in this chapter, we will learn how to create a template 
that allows us to begin a new part with our preferred settings in place. 


| Go To System Snaps j 


o 
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We will make two more changes to the default settings before beginning our 
part. A feature called “Instant 3D” allows for changes to be made by clicking 
and dragging on model faces, without entering dimensions from the keyboard. 
While this feature can be handy for experienced users, it is recommended that 
new users avoid using Instant 3D in order to prevent unintended changes to the 
model. Similarly, a feature called “Instant 2D” allows for dimensions in 
sketches to be changed by clicking and dragging rather than entering a numer¬ 
ical value. This feature will also be turned off. 


FIGURE 1.19 
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dynamically modify features. 


FIGURE 1.20 


Select the Features tab of the CommandManager. If the Instant 3D Tool is 
turned on (the icon will be “depressed,” as shown in Figure 1.19), click to 
turn it off. Select the Sketch tab of the CommandManager and turn off the 
Instant 2D Tool as well. 

We start the construction of the flange by sketching a circle and extruding it 
into a 3-D disk. 

Select the Front Plane by clicking on it in the FeatureManager Design Tree, 
as shown in Figure 1.20. 





(jj) Parti (Default<<Default>_Display State 
tel History 
fol Sensors 
► 2) Annotations 

Material <not specified> 
fCP Front Pla^ j 

[p Top Plants 
[p Right Plane 
t , Origin 


The Front Plane will be highlighted in green. The 
color green indicates that an item is the currently 
selected entity (since we chose the “Green 
Highlight” color scheme). 

Begin a sketch by selecting the Sketch tab of 
the CommandManager, and then the Sketch 
Tool, as shown in Figure 1.21. 


FIGURE 1.21 


FIGURE 1.22 
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Creates a new sketch, or edits an 
existing sketch. 


^ Parti (Default<<Default>_Display Stat 
fel History 
QD Sensors 



[p Right Plane 

L, Origin 


Note that when you selected the Front Plane, a pop-up menu appeared that allowed 
you to open a sketch on that plane, as shown in Figure 1.22. The SOLIDWORKS 
program has many of these context-sensitive menus built in. As you become profi¬ 
cient with the program, you may find many of these built-in shortcuts to be handy. 
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When you open a sketch, a grid pattern appears, signifying that you are in the 
sketching mode. Also, Exit Sketch icons appear in the upper-right corner of the 
screen, as shown in Figure 1.23. 


Select the Circle Tool from the Sketch group of the CommandManager, as shown 

in Figure 1.24. 


FIGURE 1.23 


Exit Sketch, 
Retain Changes 


Exit Sketch, 
Discard Changes 


FIGURE 1.24 
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Sketches a circle. Select the center of 
the circle, then drag to set its radius. 

Features Sketch [ 



When selecting any tool which has a pull-down 
menu (designated by the down arrow to the 
right of the icon), use caution to be sure that 
you are selecting the proper tool. In the case of 
the Circle Tool, there are two possible methods 
for defining the circle: by the center point and 
a point on the perimeter, or by three points on 
the perimeter. Clicking on the down arrow dis¬ 
plays these options, so that the proper tool can be selected (Figure 1.25). By default, 
the option for defining the circle by locating the center point and a point on the 
perimeter is selected by clicking on the Circle Tool without accessing the pull-down 
menu. However, if the last option selected was to define the circle by three points 
on the perimeter, then that option becomes the default for the next selection. When 
that occurs, the icon shown for the Circle Tool will change, as shown in Figure 1.26. 
Because many of the icons are similar and are very small, you should use caution 
with tools that have pull-down menus. 


FIGURE 1.25 
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FIGURE 1.26 You can check to see that you have 

selected the proper tool by looking at the 
PropertyManager, which appears in the 
area where the FeatureManager is nor¬ 
mally shown whenever a tool is acti¬ 
vated or an object is selected. The 
PropertyManager now shows the two 
alternative methods for defining a circle 
(Figure 1.27). If we selected the wrong tool accidentally, 
jr b I r * e then we can change the method for defining the circle in 
O arde © the PropertyManager. 


Features Sketch 


FIGURE 1.27 
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<s3 " (, Sketches a circle by its perimeter. 

Select a point on the perimeter, then a 


second and (optionally) a third. 
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In the PropertyManager, make sure that the icon 
representing the first construction method is selected, 
as shown in Figure 1.27. If it is not, then click it to 
select it. 
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Notice as you move the cursor into the drawing area that it changes appearance into 
a pencil icon with a circle next to it, as shown in Figure 1.28. This lets you know 
that the Circle Tool is active. 

Move the tip of the pencil icon toward the origin until a red dot appears at the 
origin, as shown in Figure 1.29; this indicates that you will snap to an existing 
point (in this case the origin) when you click with the mouse. Also, note 
the small icon next to the origin that signifies a coincident relation: the 
origin and the center point of the circle will share the same location. 


FIGURE 1.28 


FIGURE 1.29 


A snap adds a relation to the positions of two entities. In this example, 
when you snap to the origin, the circle will be centered at the exact coor¬ 
dinates of x = 0 and y = 0. The relation added when one entity is created 
by snapping to another can be edited later, if desired. The addition of a 
snap automatically is a nice feature of the SOLIDWORKS 
program: snaps are intuitive. It is not necessary to enter the 
numerical coordinates of the center of the circle. 


Coincident 
Relation Icon 


With the center point highlighted as in Figure 1.29, click the 
left mouse button to place the center of the circle at the 
origin. Drag the mouse outward to create a circle, as shown 
in Figure 1.30. Click the left mouse button again to define a 
point on the perimeter and create the circle. The size of the 
circle drawn is not important; we will add a dimension to 
define its diameter precisely. 

The circle will appear in green, indicating that it is the cur¬ 
rently selected item. 

Press the Esc key twice to close the Circle Tool and deselect 
the circle just drawn. 



The circle should now appear in blue. In the Status Bar at the bottom of the screen, 
notice that “Under Defined” appears. This is because we have not set the diameter 
of the circle yet. When a sketch does not contain enough dimensions and/or rela¬ 
tions to define its size and position in space, it is said to be under defined, and is 
denoted by blue entities. 

Other possible conditions of the sketch are “Fully Defined,” when the sketch con¬ 
tains exactly enough dimensions and/or relations to define its size and position in 
space (denoted by black entities), and “Over Defined,” where the sketch has at least 
one dimension or relation that contradicts or is redundant to the other dimensions 
and relations (denoted by red entities). Over defined sketches should be avoided. 


Also note that the area of the circle is shaded. By default, closed 
contours within sketches are shown shaded. The shading can be 
toggled on and off by clicking the Shaded Sketch Contours Tool 
from the Sketch group of the CommandManager or from Tools: 
Sketch Settings from the Main Menu. Most of the figures in this 
book will be shown with the contour shading turned off for clarity. 

Select the Smart Dimension Tool from the CommandManager, as 
shown in Figure 1.31. Click with the left mouse button anywhere 


FIGURE 1.31 
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FIGURE 1.33 


on the circle. A dimension will be added to the diameter of the 
circle. Drag the dimension to a convenient location, as shown in 
Figure 1.32. When the dimension is where you want to put it, 
left-click again to place the dimension. 

A dialog box displaying the SOLIDWORKS name of the dimension 
and prompting for its value will be displayed, as shown in Figure 
1.33. Enter “5.5” in the box. (You don’t need to enter any units, 
since inches are the default units, set earlier.) Press the Enter 
key or click on the check mark to update the dimension. 



Notice that the circle is redrawn 
to the correct dimension, as 
shown in Figure 1.34. The 
dimension in inches is dis¬ 
played, and the circle is black. 
Notice at the bottom of the 
screen in the Status Bar that the 
sketch is now Fully Defined. 
(Note: If we had not snapped to the 
origin for the circle’s center, the 
sketch would still be under defined 
because the circle’s location within 
the Front Plane would not be speci¬ 
fied.) 


FIGURE 1.34 
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FIGURE 1.35 
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FIGURE 1.36 



FIGURE 1.37 
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Extrudes a sketch or selected sketch 
contours in one or two directions to 
create a solid feature. 



Use the Esc key to turn off the Smart Dimension Tool. If you 
double-click on the dimension value, the dialog box reappears and 
you can change the dimension. Try this, and then use the Undo Tool 
from the main menu toolbar, shown in Figure 1.35, to return the 
dimension to 5.5 inches. 

Next to the center of the circle, an icon shows that a relation is 
applied. By moving the cursor over the relation icon, details about the 
relation can be viewed, as shown in Figure 1.36. Relations can be 
deleted by clicking on the relation icon to select it, and then pressing 
the Delete key. The display of sketch relations can be toggled on and 
off by selecting View: Hide/Show from the Main Menu and clicking 
Sketch Relations. Some experienced users prefer to not show the rela¬ 
tions because they can cause a sketch to appear cluttered, but new 
users are advised to keep the relation display turned on. 

Now we are ready to turn this 2-D sketch into a 3-D part with the 
Extruded Boss/Base Tool. 

Select the Features tab of the CommandManager, and the Extruded 
Boss/Base Tool, as shown in Figure 1.37. 
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The base feature is the first solid feature created. Any subsequent solid features are 
called bosses. Note that the view of the part changes to display a 3-D preview of the 
extruded solid. On the left side of the screen, the PropertyManager is now active. 
The PropertyManager allows the properties of the selected entity to be viewed and 
edited. There are several options available for the extrusion, including adding draft 
(taper) to the part, but for now we only need to adjust the depth of the extrusion. 


Set the depth of the extrusion to 0.75 inches, as shown in Figure 1.38. Press 
Enter, and the preview in the graphics area will be updated to reflect the new 
thickness, as shown in Figure 1.39. Click on the check mark (OK) in the 
PropertyManager, as shown in Figure 1.40, and the circle is extruded into a solid 
disk, as shown in Figure 1.41. 


FIGURE 1.38 _ 
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FIGURE 1.39 



FIGURE 1.40_ 
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FIGURE 1.41 



Now that we have a solid part, we can examine 
the functions of the viewing tools. The viewing 
tools are located on the Heads-Up View 
Toolbar at the top of the graphics area. The 
default configuration of the Heads-Up View 
Toolbar is shown in Figure 1.42. The Zoom to 
Fit Tool adjusts the zoom so that the entire 
model can be viewed. The Zoom to Area Tool 
allows a viewing window to be selected by 
dragging out an area on the screen. The 
Previous View Tool returns the view orienta¬ 


tion and zoom level to the configuration prior 
to the most recent change of 
FIGURE 1.42 _ view. The Section View Tool 


Zoom to Section View Hide/Show Apply 

Area View Orientation Items Scene 


Zoom Previous D y nar ™ c Display Edit View 
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to Fit View . Style Appearance Settings 



displays a cross-section of 
the part. We will use this 
tool in later chapters. The 
Dynamic Annotation Views 
Tool allows dimensions and 
notes to fade in and out as a 
model is rotated, and will not 
be used in this text. 
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FIGURE 1.43 
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FIGURE 1.44 


FIGURE 1.45 
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The View Orientation Tool opens a menu of standard view options, 
as shown in Figure 1.43. The six principal views—Front, Back, Top, 
Bottom, Left, and Right—can be displayed by clicking on the appro¬ 
priate icon. At the right side of the menu is a pull-down menu of 
three pictorial views: Isometric, Trimetric, and Dimetric, as shown in 
Figure 1.44. In an isometric view, the view orientation is such that 
the angles between the displayed edges of a cube are equal, as shown 
in Figure 1.45. In a dimetric view, two of the angles are equal, and in 
a trimetric view all angles are different. The Trimetric View in 
SOLIDWORKS emphasizes the display of the front of the part, and 
is the default pictorial view. (It is good practice to orient a model so 
that the front view is the view that is most descriptive of the part.) At 
the bottom of the menu are tools for display¬ 
ing multiple views in separate windows on 
the screen. We will demonstrate their use 
later in this chapter. The Normal To Tool 
aligns the view to be perpendicular to a 
selected plane or surface. This tool is useful 
when sketching in a plane that is not perpen¬ 
dicular to any of the principal views. When 
the View Selector Tool is turned on, then the 
part is shown in a “box,” as shown in 
Figure 1.46. Clicking on a side, edge, or 
comer of the box changes the view to 
one that is normal to the selection. The 
View Selector Tool can be toggled on or 
off; in this book we will leave it turned 

Lines off. 


The Display Style Tool opens a pull¬ 
down menu of options for displaying 
the model, as shown in Figure 1.47. There are two shaded modes, 
with or without the edges shown by lines, and three wireframe 
modes, with hidden edges removed, shown as dashed lines, or 
shown as solid lines. Usually, we work with one of the shaded 
modes, but for some operations, displaying the model in wireframe 
mode is preferred. 


front right f Ront / 


FIGURE 1.47 



FIGURE 1.48 



The Hide/Show Items Tool allows you to toggle on or 
off the display of several items, such as the origin, 
planes, axes, etc. For now, we will skip over this tool, 
and will explore its use later in this chapter. 

The Edit Appearance Tool allows you to change the 
color and optical properties (such as transparency 
and reflectivity) of the entire model or selected 
model features. When this tool is selected, the 
PropertyManager displays the selected feature(s), as 
shown in Figure 1.48, and palettes from which a new 
color can be selected. If no features are selected 
prior to selecting the Edit Appearance Tool, then by 
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default the change will apply to the entire model. It is recommended that light col¬ 
ors be used, as dark colors can make some features and selections difficult to see. 
The Advanced tab contains additional options for displaying the model, such as 
applying textures to selected surfaces or making the part transparent or translucent. 
We will explore some of these options later. As shown in Figure 1.48, the Task Pane 
at the right of the screen is also displayed when the Edit Appearance Tool is shown. 
Colors and textures can be applied by dragging and dropping them from 
the task pane to the part. 


FIGURE 1.49 




The Apply Scene Tool allows you to select backgrounds and lighting 
options from a pre-defined menu, as shown in Figure 1.49. In this book, 
we will use the Plain White scene. Some of the scenes contain back¬ 
ground graphics rather than just colors. A SOLID WORKS Add-In pro¬ 
gram, PhotoView 360, can also be used to produce photo-realistic 
display images of the model in various scenes. 

The View Settings Tool, shown in Figure 1.50, allows you to add shadows to 
either of the shaded modes. Also, the model can be shown in perspective FIGURE 
mode. In perspective mode, sight lines converge at a single point (the vanish- l> ’ - v> - 
ing point), producing a more realistic view. However, most engineering views 
are produced with parallel sight lines (these are called orthographic projec- 
tions). Normally, we will leave the Perspective View option turned off. There 
is also a Cartoon View option, which is intended to make a model appear as 
though it were hand-drawn. 

Several other viewing tools can be accessed by right-clicking in the white space of the 
graphics area. The menu shown in Figure 1.51 is displayed. A particularly useful tool 
is the Rotate View Tool. After selecting this tool, you can hold down the left mouse 
button and move the mouse to rotate the model view so that you can see all sides of 
the model. The Pan Tool can be used to move the model around in the graphics area, 
again by clicking and holding the left button while dragging the mouse. Note that 
when using either of these tools (or the Dynamic Zoom, also available from this 
menu), that the tool remains active until it is turned off by pressing the Esc key. 

Because the Rotate View and Pan Tools are used often, we will make them avail¬ 
able on the Heads-Up View Toolbar. Also, since the Trimetric View is the default 
pictorial view, we will add it to the toolbar so that we do not have to go through 
the View Orientation Tool pull-down menu to select it. 


Click the arrow beside the Options Tool and select Customize from the menu, as 
shown in Figure 1.52. If desired, check the larger Icon size option, as shown in Figure 
1.53, so that all of the icons in toolbars and the CommandManager 
are easier to see. You will see a message that some options will 
not take effect until SOLIDWORKS is restarted; click OK to close 
this message. Check the box labeled “Lock the CommandManager 
and toolbars” to prevent unintentional moving of these items 
around the screen. Also, uncheck the box labeled “Show in short¬ 
cut menu,” as shown in Figure 1.53. This will cause several menu 
items to be displayed with text instead of with icons. This option 
is discussed further in Appendix B. 
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Click the Commands tab, and select the View group. 
Locate the Rotate View Tool, as shown in Figure 1.54. Click 
and drag the tool to the desired location on the Heads-Up 
View Toolbar, as shown in Figure 1.55. Release the mouse 
button to place the tool. Repeat with the Pan Tool from 
the View group and the Trimetric View Tool from the 
Standard Views group. If desired, remove the Dynamic 
Annotations View Tool by dragging it away from the 
Heads-Up View Toolbar. The edited toolbar is shown in 
Figure 1.56. Click OK to close the Customize box. 

Experiment with the zoom and viewing options. When 
finished, select a shaded solid display (either with or 
without edges displayed) and the Trimetric View. 


FIGURE 1.55 
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Now we are ready to add to our part. The next feature we will 
add is the 2.75-inch-diameter boss. We could sketch the circle 
to be extruded on the front or back face of the existing part or 
in the Front Plane, but instead we will create a new plane that 
is 2.25 inches away from the Front Plane. There are several rea¬ 
sons why we might want to define the part in this manner. One 
is that we may want to add draft, a slope to the sides of a feature 
that allows it to be extracted from a mold. If so, then we want 
our 2.75-inch dimension to apply at the top of the boss, allow¬ 
ing the diameter to get larger closer to its base. 


FIGURE 1.56 _ 
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Select the Reference Geometry Tool from the Features 
group of the CommandManager. From the menu that 
appears, select Plane (see Figure 1.57). 



FIGURE 1.58 
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Note that the FeatureManager has been 
replaced in its usual position by the 
PropertyManager, where the parame¬ 
ters of the new plane will be defined. 
However, the FeatureManager is still 
visible as a “fly out” list to the right of 
the PropertyManager. By default, the 
FeatureManager is shown collapsed; 
that is, only the name of the part is 
shown. The full FeatureManager can 
be shown by clicking on the arrow next 
to the part name. 

Click the arrow next to the part 
name (Parti) to expand the 
FeatureManager, as shown in Figure 
1.58. Click on the Front Plane to 
select it. In the box defining the off¬ 
set distance, enter 2.25, as shown in 
Figure 1.59. Note that the new plane 
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is previewed in the graphics area. Click the check mark and the 
new plane, labeled Plane I, is created, as shown in Figure 1.60. 

There are several options for creating a new plane. When we 
selected the Front Plane, the option for defining the new plane par¬ 
allel to the selected plane was selected by default. Of course, the 
Flip box could have been checked if we wanted the new plane to 
be behind the Front Plane. 

Now with Plane I selected (highlighted in green), click the Sketch 
tab of the CommandManager and select the Circle Tool. 

Remember that there are two ways to define a circle; either by 
defining its mid-point and a point on the perimeter or by defining 
three points on the perimeter. When you create a circle with either 
method, then that method becomes the default method of construc¬ 
tion. If you hold the cursor over the icon momentarily, the current 
tool and its description are displayed in the Tooltips popup. If the 
correct tool is current, then you can select it by clicking on the 
icon, without using the pull-down menu. 

Also note that a sketch was opened when you selected the Circle 
Tool. When a plane or face is selected, choosing a drawing tool 
from the Sketch group opens a new sketch and activates the tool. 

From the View Orientation Tool, select the Normal To View, as 
shown in Figure 1.61. 

Notice that in this case, the Normal To View is the same as the 
Front View. 


Move the cursor to the origin and click to place the center of the 
circle at the origin. Drag out a circle, as shown in Figure 1.62, and 
click to complete the circle. 


Select the Smart Dimension Tool from the Sketch group of the 
CommandManager. Add a 2.75-inch dimension to the diameter, as 
shown in Figure 1.63. Switch to the Trimetric View (Figure 1.64). 
Select the Extruded Boss/Base Tool from the Features group of 
the CommandManager. 


FIGURE 1.63 


FIGURE 1.64 



FIGURE 1.60 



FIGURE 1.61 
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DESIGN INTEN T) Planning the Model 


As we build the 2.75-inch diameter boss of our 
flange, we can choose from two existing planes/ 
surfaces or construct a new plane. The choice of con¬ 
structing a new plane in order to allow us to add draft 
to our part is an example of design intent. There are 
many definitions of design intent. Ours is: 


Design intent is the consideration of the end use of a 
part, and possible changes to the part, when creating 
a solid model 

Throughout this book, we will identify examples of 
considering design intent when modeling. 


As shown by the preview (Figure 1.65), the extrusion is going away from 
the base feature rather than toward it. 

In the PropertyManager, click the Reverse Direction button so that the 
extrusion is directed toward the base (Figure 1.66). In the pull-down 
menu, select Up To Next as the type of extrusion, as shown in Figure 1.67. 
Click the check mark to complete the extrusion, which is shown in Figure 
1 . 68 . 

Choosing “Up To Next” as the type of extrusion instead of defining the dis¬ 
tance allows for changes to be made easily. If we later decide to change the 
distance between Plane 1 and the Front Plane, then the part will rebuild cor¬ 
rectly, as the boss extrusion will still extend back to the base feature. Also 
notice that by default, the “Merge result” option is checked when adding a new fea¬ 
ture. With this option checked, the two features that we have created combine to 
form a single solid body. If the option is unchecked, then the features represent sep¬ 
arate bodies. 

We can turn off the display of Plane 1. 

From the Hide/Show Items Tool, click on the View Planes icon to toggle off the 
display of planes, as shown in Figure 1.69. 


FIGURE 1.65 




Plane 1 still exists in the model, but turning off the display of planes results in a less 
cluttered model view. Note that Plane 1 could also have been hidden by right- 
clicking its entry in the FeatureManager and selecting Hide. 

It is a good idea to save your work periodically. 
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Choose File: Save from the Main Menu. Save the part with the name “Flange.” The 
file type will be “sldprt.” 

Note that the new file name appears in the Menu Bar and at the top of the 
FeatureManager design tree. 

Next we will add the center hole. This time we will select a face to define our sketch 
plane. As you move the cursor over the front surface, notice that a square icon 
appears. This indicates that a surface will be selected when you click with the left 
mouse button. Similarly, a line icon indicates that an edge will be selected. 

Move the cursor over the front face, so that the square icon appears, as shown 
in Figure 1.70. Click to select this face; it will be highlighted in green. A pop-up 
toolbar, called a Context Toolbar, will appear. Click the Normal To View, as shown 

in Figure 1.71. 


FIGURE 1.70 


FIGURE 1.71 




(Note: If the Context Toolbar does not appear when you select the face, then select 
the Customize Tool and make sure that the box labeled “Show on selection” is 
checked, as shown in Figure 1.53.) 

Click the Sketch tab of the CommandManager and select the Circle Tool. Drag out 
a circle centered at the origin. Select the Smart Dimension Tool and dimension the 
circle diameter as 1.5 inches, as shown in Figure 1.72. Click the Features tab of the 
CommandManager and select the Extruded Cut Tool, as shown in Figure 1.73. Select 
the type as Through All in the PropertyManager, as shown in Figure 1.74. Click the 
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check mark to complete the cut. The result of this operation is shown 
in Figure 1.75. 

We will now add the four bolt holes. 

Select the surface shown in Figure 1.76. Switch to the Normal To 
View. Click the Sketch tab of the CommandManager, and select the 
Circle Tool. Drag out a circle centered at the origin. In the 
PropertyManager, check the “For construction” box, as shown in 

Figure 1.77. 


FIGURE 1.76 FIGURE 1.77 



Construction entities help you locate and size sketch parameters, and are indicated 
by dashed-dotted lines. The circle just drawn represents the bolt circle. 

Select the Smart Dimension Tool. Add a 4.25-inch diameter dimension to the circle, 
as shown in Figure 1.78. Select the Circle Tool. Move the cursor to the top quadrant 
point on the construction circle, as shown in Figure 1.79. Note the red diamond 
that appears, along with the coincident and vertical relation icons. Drag out a cir- 
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cle, as shown in Figure 1.80. Select the Smart Dimension Tool and add a diameter 
dimension of 0.50 inches, as shown in Figure 1.81. 




The sketch is fully defined, since the center of the circle just drawn has been located 
at the top quadrant point of the bolt circle. 

Select the Extruded Cut Tool from the Features group of the CommandManager, 
and extrude a hole with a type of Through All. Click the check mark. 

The first bolt hole is now in place, as shown FIGURE 1.82 _ 

in the trimetric view in Figure 1.82. Note that 
when we selected the Extruded Cut tool, only 
the small circle was used as the geometry of 
the cut. The bolt circle, because it was identi¬ 
fied as construction geometry, was not 
included as a sketch entity to be extruded. 

Notice that in the FeatureManager, all of our 
procedures are being recorded. The names of 
the features are not particularly descriptive; 
the four features that we have created so far 
were all created by extrusions, and so are 
named “Boss-Extrudel,” “Cut-Extrudel,” 
etc. To more easily identify features for later 
modifications, we can rename features. 

Click once on “Cut-Extrude2” in the FeatureManager to 
select and highlight the name. Click again to allow editing 
of the name. (Use two separate mouse clicks, not a double¬ 
click.) Type “Bolt Hole” to rename the feature, as shown in 
Figure 1.83. Press the Enter key to accept the new name. 

We could create the other three holes separately, but it is 
easier to copy the single hole into a circular pattern. Also, 
since our design intent is for the holes to exist in a circular 
pattern, it makes sense to construct them that way. If we later change the diameter 
of the holes, the diameter of the bolt circle, or the number of holes, it will be easy 
to do if we have created them in a pattern. 


FIGURE 1.83 
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FIGURE 1.84 
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Make sure that the first bolt hole is selected. 
Click the Features tab of the CommandManager, 
and click the arrow under the Linear Pattern 
Tool to reveal a menu of pattern tools, as 
shown in Figure 1.84. Choose the Circular 
Pattern Tool. 


In the PropertyManager, click in the top box 
(Pattern Axis) to activate it, as shown in Figure 
1.85. To define the axis of the pattern, select a 
cylindrical face or a circular edge (other than a 
bolt hole), as shown in Figure 1.86. In the 
PropertyManager, check the “Equal spacing” option which will cause the angle to be 
changed to 360 degrees. Change the number of holes to 4, as shown in Figure 1.87. Click 
the check mark to complete the pattern, which is shown in Figure 1.88. 



FIGURE 1.85 _ FIGURE 1.86 
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Now let’s finish the flange by adding fillets to three of 
the sharp edges. A fillet is a feature that rounds off a 
sharp edge. Actually, a fillet is a rounded edge created 
by adding material, while a round is created by removing 
material. Fillets and rounds are created with the SOLID- 
WORKS software by the same command. 
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From the Features group of the 
CommandManager, select the Fillet 
Tool, as shown in Figure 1.89. Select the 
three edges indicated in Figure 1.90 to 
be filleted. (Be sure to see the line next 
to the cursor, as shown in Figure 1.91, 
to indicate that an edge and not a face 
is being selected. If a face is selected, 
then all of the edges of that face will be 
filleted.) In the PropertyManager, enter 
the radius as 0.25 inches, as shown in 
Figure 1.92. Check the Full preview 

option to see the fillets that will be created. Click the check mark to add the fillets, 
which are shown in Figure 1.93. 



FIGURE 1.91 


FIGURE 1.92 
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FIGURE 1.94 



Display of tangent edges is often undesirable. The display 
of tangent edges can be controlled from the Options 
menu. 

Select the Options Tool. Under the System Options tab, 
under Display, choose Removed as the Part/Assembly 
tangent edge display option, as shown in Figure 1.94. 
Click OK. 

The part should appear as in Figure 1.95. 
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DESIGN INTENT) Selecting a Modeling Technique 


The three fillets are added in this tutorial in a sin¬ 
gle step by selecting the three edges to be filleted 
within a single fillet command. With this method, 
only the first fillet is dimensioned. Another way to 
add the fillets is to close the Fillet Tool after each 
fillet is created, so that the fillets are created in 
three separate steps. The preferred method 


depends on how you wish to edit the fillet radii. If 
you want all of the fillets to always have the same 
radius, then the first method allows one value to be 
changed for all three fillets. If you prefer to edit the 
fillets separately, then the second method provides 
an editable dimension for each fillet. 


Now we can add the chamfer to the center hole. A chamfer is a conical feature 
formed by removing material from an edge. 

Select the arrow under the Fillet Tool in the CommandManager, and select the 
Chamfer Tool, as shown in Figure 1.96. Click on the edge shown in Figure 1.97 to 
select it as the edge to be chamfered. In the PropertyManager, set the chamfer 
parameters to 0.080 inches and 45 degrees, as shown in Figure 1.98, and click the 
check mark to finish. 

The finished part is shown in Figure 1.99. 

From the main menu, select File: Save. Leave the part file open for the next sec¬ 
tion, in which we will learn how to make modifications to the part. 
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1.3 Modifying the Flange 

One of the main advantages of solid modeling is the ability to make changes 
easily. As we have observed, the FeatureManager has recorded all of the oper¬ 
ations required to make the flange, as shown in Figure 1. 100. If we click on 
the arrow next to each feature, we see that the sketch associated with each fea¬ 
ture is stored, as well. When we hold the cursor over a feature or sketch name 
in the FeatureManager, arrows show the relationships of that feature to other 
features in the part. For example, the first bolt hole is the basis for the hole 
pattern. In Figure 1. 100, this relationship is displayed with an arrow from the 
“parent” feature (Bolt Hole) to the “child” feature (CirPatteml). The display 
of these arrows can be toggled off and on by right-clicking on the part name 
in the FeatureManager and selecting the Dynamic Reference Visualization 
(Parent) and (Child) items. 

Let’s change the first item that we created by increasing the diameter of the 
base from 5.5 to 7 inches. 


Right-click Sketch I in the FeatureManager, and select Edit Sketch. 

Note that if Edit Sketch does not appear in the menu, then an icon for edit¬ 
ing the sketch appears in the Context toolbar at the top of the menu. Earlier 
in the chapter, we selected the Customize tool and cleared the check box 
labeled “Show in shortcut menus.” This causes commands such as Edit 
Sketch, Edit Feature, Hide, etc., to appear as entries in the menu rather than 
as icons at the top of the menu. If you missed this step earlier, then it is rec¬ 
ommended that you clear the check box now. (See Appendix B for more 
information about customizing the SOLIDWORKS interface.) 

Double-click the 5.5-inch dimension, and change it to 7.0 inches, as shown in Figure 
1.101. When you close the sketch by clicking on the Exit Sketch Tool in the Sketch 
group of the CommandManager (see Figure 1.102), the part will be updated to the 
new dimension, as shown in Figure 1.103. 

An even easier way to edit the sketch dimensions or the extrude depth is illustrated 
next. 


FIGURE 1.100 
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Double-click the icon next to Boss-Extrudel in the FeatureManager. All of 
the dimensions used to create the feature are displayed, as shown in 
Figure 1.104. The sketch dimensions are shown in black, while the fea¬ 
ture dimensions (in this case the extrude depth) are shown in blue. (Note 
that the dimensions in the figure are oriented so that they are aligned 
to be parallel with the bottom of the screen rather than with the dimen¬ 
sion lines. To show the dimensions in this manner, select Options: System 
Options: Display and check the box labeled “Display dimensions flat to 
screen.”) Double-click the diameter dimension and change it back to 5.5 
inches. Click the Rebuild Tool, as shown in Figure 1.105. 


FIGURE 1.105 
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To add draft to the boss, select Boss-Extrude2 from the FeatureManager, 
right-click and select Edit Feature, as shown in Figure 1.106. In the 
PropertyManager, turn the draft on (see Figure 1.107) and set the angle 
to 3 degrees. Check the “Draft outward” box so that the boss increases 
in size as it is extruded. Click the check mark to finish. 

The draft will be easier to see from a top or side view. You can show the 
Front, Top, and Right Views along with the current (Trimetric) view with 
the Four-View option. 


FIGURE 1.106 
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Select the Four-View window from the 
View Orientation Tool of Heads-Up View 
Toolbar, as shown in Figure 1.108. 

The drafted feature can be seen clearly 
in the Top and Right Views, as shown in 
Figure 1.109. Note that Figure 1.109 
shows the Top View above the Front 
View, and the Right View to the right of 
the Front View. Views oriented in this 
manner are referred to as third-angle 
projections. If the views on your screen 
are oriented with the Top View below 
the Front View, then you are seeing 
first-angle projections, which are typical 
of European drawings. To switch from 
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first-angle to third-angle projections, select 
Options: System Options: Display and 
choose Third Angle as the option for the 
Four-View viewport. After doing so, you will 
need to select the Four-View window again 
to refresh the views. 

To revert to a single view, click in the win¬ 
dow displaying the Trimetric View, and 
select Single View from the View Orientation 
Tool of the Heads-Up View Toolbar, as 
shown in Figure l.l 10. 

Finally, right-click on CirPatternl in the 
FeatureManager and select Edit Feature. 
Change the number of holes from four to 
six, as shown in Figure 1. 111. 

The modified part is shown in Figure 1. 112. 

These last two changes illustrate the impor¬ 
tance of considering design intent when 
modeling. If the first boss had been extruded 
from the base feature, then adding draft 
would have required us to change the diame¬ 
ter of the boss, calculating the diameter that 
will result in a 2.75-inch diameter at the top 
of the boss when draft is included. By sketch¬ 
ing in a plane at the top of the boss, the crit¬ 
ical 2.75-inch dimension can be maintained 
easily. Also, by constructing the holes as a 
circular pattern instead of individually, the 
number of holes could be modified easily. 
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Press the Esc key to cancel any selections 
that may be active. Select the Edit 
Appearance Tool from the Heads-Up View 
Toolbar, as shown in Figure l.l 13. In the PropertyManager, note that since 
no specific entities have been selected, the entire part will take on the 
selected appearance. Select a color from the color palette, as shown in 
Figure l.l 14, and click the check mark. 
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The entire flange will now be shown in the selected color. Note that many 
other appearance options can be selected by clicking on the Advanced but¬ 
ton shown in Figure 1. 114. These include modifying the reflectivity or the 
transparency of a component or applying a surface texture. 

When applying textures, the Task Pane is useful in that previews of the 
available textures can be viewed. 

Click on the Appearances, Scenes, and Decals tab of the Task Pane, as 
shown in Figure 1. 115. Under Appearances: Painted: Powder Coat, select 
dark powdercoat, as shown in Figure l.l 16. Click and drag the appear¬ 
ance onto the part. In the menu that appears, you can choose to apply 
the appearance to a given surface, a feature, a body, or the entire part. 
Click on the Part icon, as shown in Figure l.l 17, to apply the appearance 
to the entire part. 



We may want to show certain faces 
differently than the rest of the part. 
We will show the surfaces of the 
holes and the chamfer as machined 
steel. 

Select the surfaces of the four bolt 
holes, the center hole, and the 
chamfer, as shown in Figure l.l 18. 
To select multiple entities, hold 
down the Ctrl key as you make your 
selections. Click on the Appearances, 
Scenes, and Decals tab of the Task 
Pane. Select Appearances: Metal: 
Steel, and double-click on Machined 


FIGURE l.l 18 
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Steel, as shown in Figure l.l 19. The selected surfaces are now shown with FIGURE l.l 19 
the selected texture, as shown in Figure 1.120. 

The colors applied to a model can be viewed and/or edited from the 
DisplayManager. The DisplayManager can be viewed by clicking on its 
icon above the FeatureManager. As shown in Figure 1 . 121 , there are several 
icons that can be used to display tools and options in the space normally 
occupied by the FeatureManager. These include the PropertyManager, 
which as we have seen is automatically displayed when one or more model 
entities are selected, the ConfigurationManager, which is used to select a 
specific configuration of a model (as will be discussed in Chapter 3), the 
DimXpertManager, which is used to apply dimensions and geometric toler¬ 
ances to a model (the DimXpertManager is not discussed in this text), and 
the DisplayManager. When the DisplayManager is selected, three options 
are available: Appearances, Decals, and Scene, Lights, Cameras. A fourth 
option, PhotoView 360, is grayed out unless the PhotoView 360 add-in is 
activated. This add-in program allows photo-realistic renderings of models 
to be made. It is not discussed in this text, but a tutorial is available at the 
book’s website: www.mhhe.com/howard2017. 
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shown in Figure 1.122. 

Note that the faces are shown first in the hierarchal order, even though the colors 
were applied to the faces after the color was applied to the entire model. In the hier¬ 
archy of appearances, appearances applied to faces take priority over those applied 
to features or the entire model, and appearances applied to features take priority 
over those applied to the entire model. In the DisplayManager, the appearances can 
be edited and/or deleted by right-clicking on the corresponding entry (machined 
steel or dark powdercoat in this example) and choosing the desired action from the 
menu. 

Close the part window by clicking on the X in the upper-right corner of the part 
window. Do not save the changes to the file. 


FIGURE 1.120 FIGURE 1.121 



Select the DisplayManager and click on the Appearances icon. 
Change the Sort Order to Hierarchy, and expand the items as 
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1.4 Using Dimensions and Sketch Relations 

In the previous tutorial, we used a combination of dimensions and sketch relations to cre¬ 
ate fully defined sketches for our model features. While it is not absolutely necessary to 
use fully defined sketches, it is good design practice. After all, an engineering design of a 
component must include sufficient detail for the component to be analyzed and eventually 
built. Using fully defined sketches helps to ensure the complete definition of the geometry 
of the component. 

The Smart Dimension Tool is used to add numerical dimensions to a sketch. As we saw 
in the previous tutorial, the tool is “smart” in that the type of dimension does not need to 
be specified. When we clicked on a circle, a diameter dimension was created. If we click 
on a line, then a linear dimension is created as shown in Figure 1.123. Recall that two 
mouse clicks are required—one to identify the entity to be dimensioned, and the second at 
the location where the dimension is to be placed. Note that if the cursor is dragged away 
from the line in a direction roughly perpendicular to the line, then the resulting dimension 
defines the length of the line. However, if the cursor is dragged away horizontally, then a 
dimension defining the vertical distance between the endpoints is created, as shown 
in Figure 1.124. Similarly, dragging the cursor vertically results in a dimension defining 
the horizontal distance between endpoints is created, as shown in Figure 1.125. Note the 
“lock” icon beside the cursor before the dimension is placed. If the dimension is in the 
desired alignment, then clicking the right mouse button causes this alignment to be main¬ 
tained until the dimension is placed. This is not usually necessary. As long as the dimen¬ 
sion is placed in its proper orientation, it can be moved to a more desirable location by 
simply clicking and dragging on the numerical value. 




Circles, lines, and arcs can all be dimensioned by clicking once on the entity and then 
clicking away from the entity to place the dimension. (Arcs are automatically dimensioned 
with a radius rather than a diameter.) These are examples of dimensions applied to single 
entities. The Smart Dimension Tool also allows for dimensions relating two entities to one 
another to be created. For example, consider the two parallel lines shown in Figure 1.126. 
With the Smart Dimension Tool selected, the first mouse click selects one of the lines. If 
the second mouse click is in the graphics area away from any other entity, then a linear 
dimension for the length of the line is created, as discussed above. However, if the second 
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mouse click is on another entity, then a dimension is created between the two entities, and 
a third mouse click is required to place the dimension. In this example, the dimension cre¬ 
ated is the distance between the two lines, as shown in Figure 1.126. If the two lines are 
not parallel, then the same mouse clicks create an angular dimension, as shown in Figure 
1.127. 




When a circle is one of the two entities selected, then the resulting dimension is always to 
the center of the circle, as shown in Figure 1.128. It is not necessary to select the center 
point of the circle; clicking on the perimeter of the circle and the line creates the dimen¬ 
sion to the circle’s center. 

When a centerline is one of the entities selected, then the resulting dimension can define 
either the distance from the centerline to the second entity or the distance from the second 
entity to a mirror image of itself on the other side of the centerline. For example, consider 
the horizontal line and centerline shown in Figure 1.129. Clicking on the centerline and 
line creates a linear dimension, since they are parallel to each other. If the next mouse 
click is made between the two entities, then the dimension as shown in Figure 1. 129 is cre¬ 
ated. However, if the cursor is dragged to the other side of the centerline before clicking 
to place it, then the dimension as shown in Figure 1. 130 is created. This method of dimen¬ 
sioning is especially useful when working with revolved geometry, such as the pulley of 
the next section, in that it allows for the diameters of revolved features to be specified 
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rather than their radii. Since diameters can be directly measured, defining a compo¬ 
nent using diameters is good design practice. 

A fully defined sketch is usually not possible without sketch relations. In the case 
of the circles used in the flange, the location of the center points had to be specified 
in order for the sketches to be fully defined. In each sketch, the relation defining the 
center of the circle and the origin as being coincident was added automatically 
through a snap—the cursor was moved close to the origin before the first mouse 
click and the center of the circle “snapped” to the origin. In the case of the sketch 
defining the bolt hole, the snap was made to a quadrant point of the bolt circle. 
These are examples of automatic relations. By default, SOLIDWORKS creates 
these automatic relations. This feature can be turned off by selecting Tools: Sketch 
Settings: Automatic Relations from the Main Menu, but most users will not find a 
reason to do so. In addition, automatic relations are created when specifying an 
entity’s geometry. For example, when drawing a line, a small icon beside the line 
indicates that the line will be horizontal or vertical, as shown in Figure 1. 131. When 
the line is completed, it will have a horizontal or vertical relation associated with it, 
as indicated by the icon shown in Figure 1. 132. 


FIGURE 1.131 
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When an entity is selected, its associated relations 
are shown in the PropertyManager, as shown in 
Figure 1.133. In the PropertyManager, relations can 
be deleted by selecting them and pressing the Delete 
key or added by clicking the appropriate icon. Of 
course, relations must be compatible with each other 
and with any dimensions existing in the sketch. For 
example, clicking the Vertical icon in this case 
would result in an error, since a line cannot be both 
horizontal and vertical. 

Horizontal and vertical relations, along with Fix, 
which simply fixes the location of an entity within 
the sketch, are relations that are applied to single 
entities. Most relations 
FIGURE 1.134 _ apply to multiple enti¬ 

ties. For example, 
Figure 1.134 illus¬ 
trates the addition of a 
new line to an existing 
line. With the Line 
Tool selected, moving 
close to the midpoint 
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of the first line causes the sec¬ 
ond line’s first point to snap to 
the midpoint. As the line is 
dragged out, there are dashed 
guidelines parallel and perpen¬ 
dicular to the first line displayed 
on the screen, as shown in 
Figure 1.135. If the second 
mouse click is made close to the 
perpendicular guideline, then a 
perpendicular relation between 
the two lines is created. As 
shown in Figure 1.136, the 
sketch relation icons indicate 
the midpoint relation between the first line and the endpoint of the second line, and 
the perpendicular relation between the two lines. 

Relations can also be added manually. For example, consider the two lines in 
Figure 1.137. Clicking on the first line selects it and shows its properties in the 
PropertyManager. A vertical relation can be added by clicking the Vertical icon 
in the PropertyManager or in the context toolbar that pops up when the line is 
selected. If we want to merge endpoints of the two lines, then we click on the first 
endpoint to select it. Then, while holding down the Ctrl key, we select the other 
endpoint, as shown in Figure 1. 138. As in most Windows programs, the Ctrl key 
allows multiple entities to be selected. The Merge relation can then be applied by 
clicking the Merge icon in the context toolbar or in the PropertyManager, as 
shown in Figure 1.139. (We could also merge these points by dragging the end¬ 
point of the second line until it snaps to the endpoint of the first line, creating an 
automatic relation.) 


FIGURE 1.135 
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FIGURE 1.140 FIGURE 1.141 



Now both lines can be selected, and a perpendicular 
relation added, as shown in Figure 1.140. The result is 
shown in Figure 1. 141. 

It should be noted that the display of the sketch rela¬ 
tion icons can be toggled on and off by selecting 
View: Sketch Relations from the Main Menu. There 
may be occasions where a sketch becomes so cluttered 
that turning off the display of the relation icons tem¬ 
porarily is desired, but in most cases displaying the 
icons is helpful when creating and editing sketches. 



As we have noted, both dimensions and relations are used to fully 
define sketch geometry. As a general rule, we try to use as few 
dimensions as possible and rely on relations to complete the geome¬ 
try definition. For example, consider the T-beam section of Figure 
1.142. The section consists of horizontal and vertical lines, and the 
bottom line’s midpoint is fixed to the origin. In order to fully define 
the sketch, six dimensions are required. However, consider the 
design intent of the part to be made from this sketch. We probably 
desire the two “legs” at the top of the section to be the same thickness 
and width. Therefore, we can 
delete two dimensions and 
replace them with the relations 
shown in Figure 1.143. The 
advantage of this approach is 


that if we make a change, say to the thickness of the 
legs, then we have only one dimension to change, and 
our design intent of equal thicknesses is maintained. 
Another solution is shown in Figure 1.144, where the 
relation of a single point to the origin has been 
replaced by a vertical centerline and a symmetric rela¬ 
tion of two sides about the centerline. Either of these 
solutions causes the pre-defined Right Plane to 
become a plane of symmetry of the resulting part 
(assuming that the sketch is in the Front Plane). The 
use of symmetry is good design practice, and will be 
emphasized in the pulley tutorial in the next section 
and in the tutorials of Chapter 3. 
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A list of the relation icons is 
shown in Figure 1.145. All 
are common in 2-D sketches 
except for the last two: the 
Pierce relation is used in 
multiple-sketch applications 
such as sweeps and lofts, and 
the Along X-Axis relation is 
used in 3-D sketches (there 
are similar Along Y-Axis 
and Along Z-Axis relations). 


FIGURE 1.145 
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1.5 A Part Created with Revolved Geometry 

The flange created earlier utilized extruded features. In this exercise, we will use 
revolved features to create the pulley shown in Figure 1.146. We will sketch fea¬ 
tures of the cross-section of the pulley, and then revolve those features around a 
centerline to create solids and cuts. The final feature will be a keyway, which will 
be made with an extruded cut. Dimensions of the pulley are detailed in the 2-D 
drawing of Figure 1. 147. 



FIGURE 1.147 
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Open a new part. 

You will notice that some of the changes made earlier to the interface, such as the 
number of tabs on the CommandManager and the tools on the Heads-Up Toolbar, 
are still in effect. Others, such as the background color, have reverted to the initial 
settings and need to be changed again. These document-specific settings are stored 
in the Part template. We will edit the template so that we do not have to make these 
changes every time we begin a part. 

Change the background color to Plain White from the Apply Scene Tool of the 
Heads-Up Toolbar. Select the Options Tool, and click the Document Properties 
tab. Change the drafting standard to ANSI. Under Dimensions, set the Primary 
precision to .123 (three decimal places). Select Grid/Snap, and check the box 
labeled “Display Grid.'* Select Units, and change the unit system to IPS, the 
number of decimals for length dimensions to .123, and the number of deci¬ 
mals for angles to None. 

Note that we have set the number of decimal places in two separate locations. The 
number of places can be changed in either location; by setting both to .123 we 
ensure that the template setting will be stored correctly. 

Any of the other settings under the Document Properties tab can be stored in the 
template. For example, you may want to change the font used for dimensions or 
turn the display of the grid off (most of the figures in this book are made with a 
larger font and with the grid off for clarity). 

From the main menu, select File: Save 
As. Change the file type to Part 
Templates (*.prtdot). Click on the file 
“Part.prtdot” to select it, as shown 
in Figure 1.148, and click Save. Click 
Yes when asked if you want to 
replace the existing template. 

The next time you begin a new part, the 
settings that you just made will be effec¬ 
tive. Note that when you changed the 
file type to Part Template, the working 
directory automatically changed to 
default directory for SOLIDWORKS 
templates. This directory is located in 
the Program Files or Program Data 
directory on the drive containing your 
operating system. Therefore, it is not a 
good location to store your work. The next time that you save a document, the 
directory will default to the last one accessed; in this case the directory where the 
templates are saved. Make sure to change the directory to the one you want before 
saving any documents. We will note this when we save the pulley file later in this 
section. 


FIGURE 1.148 
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Click on the Right Plane to select it, as shown in Figure 1.149. From the 
Sketch group of the CommandManager, click the arrow beside the Line Tool 
and select the Centerline Tool, as shown in Figure 1.150. Draw a vertical cen¬ 
terline up from the origin, as shown in Figure 1. 151. 

This centerline will allow us to take advantage of the symmetry of the cross- 
section. 

Click the arrow beside the Rectangle Tool, and select the Center Rectangle 
Tool, as shown in Figure 1.152. Click above the origin on the centerline, as 
shown in Figure 1.153, to set the center of the rectangle. Then drag out a 
corner of the rectangle, as shown in Figure 1.154. The size is not important, 
but keep the entire rectangle above the origin. Repeat to create a second 
rectangle above the first, as shown in Figure 1.155. 


FIGURE 1.149 


0 


Part (Default<<Default>_Display 5 
fisl History 
fo’l Sensors 
► (a) Annotations 

Material <not specrfied> 

[p Front Plane 
[p Top Plane 
|[p Right Plane | 

Origin^ 


FIGURE 1.150 


FIGURE 1.151 FIGURE 1.152 


\A 


SOLIDWORKS 


C O I7F10-W-S 


\ Midpoint^ine 


FIGURE 1.154 




^ 3 . 571 , 90 ° 

y I 


L 


pS SOLIDWORKS Fil * Edrt View lns ' 

Exit 

Sketch 

O 

Smart 

Dimension 

"I ..... 1 

/-O-N- H 

Comer Rectangle 

rn Center Rectangle 


S-^ketchJ 

3 Point Corner Rectangle 

3 Point Center Rectangle 
[2 Parallelogram 

<5 

H 


FIGURE 1.153 


l 

irx 


FIGURE 1.155 



In the PropertyManager, change the type 
of rectangle from Center to Corner, as 
shown in Figure 1.156. Move the cursor to 
the top line of the bottom rectangle (but 
not to a corner or midpoint; when the 
entire bottom line turns red, then you 
are snapping to the line and not to a spe¬ 
cific point), as shown in Figure 1.157, and 
click to place one corner of the rectangle 
on this line. Drag the rectangle up until 
the opposite corner is along the bottom 


FIGURE 1.156 
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FIGURE 1. 159 
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line of the top rectangle, as shown in Figure 1.158. 
Click to complete the rectangle, and press Esc. 

When we used the Center Rectangle Tool and placed 
the center points along the vertical centerline, those 
rectangles became symmetric about the centerline. 
However, to join the first two rectangles together, we 
used a Corner Rectangle, which is not centered on the 
centerline. Therefore, we need to add the symmetry 
of this rectangle manually. 

Click on the two lines and the centerline shown in 
Figure 1.159 to select them, remembering to hold 
down the Ctrl key when making multiple selec¬ 
tions. Click the Make Symmetric icon from the 
context toolbar, as shown in Figure 1.160 (or the 
Symmetric icon in the PropertyManager). 

Select the Smart Dimension Tool, and click once on 
the top line of the top rectangle to create a linear 
dimension. Drag the dimension to the desired loca¬ 
tion and click to place it. Enter the value as 1.5 
inches, as shown in Figure 1.161. Add the 2.0-inch 
dimension shown in Figure 1.161 to the bottom line. 

With the Smart Dimension Tool selected, click on 
one of the vertical lines of the middle rectangle, 
and then on the other vertical line, creating a lin¬ 
ear dimension. Drag the dimension to the desired 
location, and then click to place it. Enter the 
value as 0.25 inches, as shown in Figure 1.162. 


FIGURE 1.160 


FIGURE 1. 161 
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Note that it is not necessary to hold down the Ctrl key when selecting multiple enti¬ 
ties for the Smart Dimension command. If you click on a single entity and then 
click away from any other entity to place it, the Smart Dimension Tool creates a 
dimension from that entity (length of a line, diameter of a circle, radius of an arc). 
If you click on an entity and then click on a second entity, the Smart Dimension 
Tool will attempt to create a dimension relating the two entities. When we selected 
two parallel lines, the distance between the two lines was added as a dimension. As 
noted in the previous section, if we select two non-parallel lines, an angular dimen¬ 
sion will be created. 


If you refer back to Figure 1. 147, you will see that the other dimensions used to 
define this cross section are diameter dimensions. In order to place the diameter 
dimensions, we need to establish the centerline which will 
become the axis of revolution for the resulting solid. 


Select the Centerline Tool, and drag a horizontal cen¬ 
terline from the origin, as shown in Figure 1.163. Select 
the Smart Dimension Tool. Click on the top line of the 
sketch and then on the horizontal centerline. Before 
clicking to place the dimension, recall from the previ¬ 
ous section that if the dimension is placed above the 
centerline, a radius dimension is created, while if the 
dimension is placed below the centerline, a diameter 
dimension is created. Click below the centerline to 
place the dimension, as shown in Figure 1.164, and enter 
the value of the dimension as 7.0 inches. Repeat to add the 5.0-, I.75-, and 
1.0-inch diameter dimensions shown in Figure 1.165. Note that after creating 
the first diameter dimension, simply clicking on the next item to be dimen¬ 
sioned above the centerline will cause a diameter dimension to be created by 
default. If the lowest line moves below the centerline as you are adding the 
dimensions, then you can simply click and drag it above the centerline before 
adding its diameter dimension. Also note that after placing the dimensions 
below the centerline, you can click and drag the numerical value above the 
centerline if desired, and the dimension will remain as a diameter dimension. 


FIGURE 1.163 
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The sketch should be fully defined. 
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DESIG N I NTENT) Planning for Other Uses of the Model 


When adding dimensions to the initial sketch of the 
pulley, we could specify some of the dimensions as 
either diameters or radii. For example, the 7-inch- 
diameter dimension that defines the overall size of 
the pulley could just as easily be entered as a 3.5- 
inch-radius dimension. However, if we plan to make 
a 2-D drawing of this part, then the diameter should 
be defined as a diameter on the drawing. By dimen¬ 
sioning the part in the same way that we will dimen¬ 
sion the drawing, then dimensions can be imported 


directly from the part file. This prevents us from 
having to add dimensions manually or override a 
dimension’s properties. When you are planning to 
make a 2-D drawing of a part; use the part in an 
assembly; or utilize the part file for another use such 
as conducting a stress analysis, creating a rapid pro¬ 
totyped model, or defining a tool path; consideration 
of the uses of the model will often influence the best 
way to create and define the part geometry. 


From the Features group of the CommandManager, 
select the Revolved Boss/Base Tool, as shown in Figure 


1.166. 


Note that no preview is displayed on the screen as it was 
when we selected the Extrude Boss/Base tool earlier in the 
chapter. The reason for this is that there are two ambiguities 
in our sketch that must be defined: 

1. There is more than one enclosed region within our 
sketch, so we need to define which of these regions 
will be revolved. 



2. There are two centerlines in the sketch, so we need to define which centerline is 
the axis of revolution. 


One way to approach the first ambiguity would be to use the Trim Entities Tool to 
remove the overlapping portions of the rectangles, so that the sketch consists of only a 
single closed contour. An easier way is to simply select the multiple contours. 


FIGURE 1.167 
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In the PropertyManager, 
click in the Selected 
Contours box to select it, 
as shown in Figure 1.167. 
Move the cursor into the 
top rectangle, and click 
to select the rectangular 
region, as shown in Figure 
1.168. Repeat for the 
other two rectangular 
regions, as shown in 
Figure 1.169. It may be 
necessary to zoom in 
and/or switch to the 
Isometric View to select 
the middle region. 
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Click in the Axis of Revolution box in the PropertyManager to select it, as 
shown in Figure 1.170. Click on the horizontal centerline, as shown in 

Figure 1. 171. 

A preview will now be displayed, as shown in Figure 1.172. In the 
PropertyManager, we can change the number of degrees of the revolution if we 
want less than a fully revolved part. Since we want to revolve the section a full 
360 degrees, we can accept the default value. 




FIGURE 1.170 
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Click the check mark to complete the revolution. 

The resulting solid part is shown in Figure 1. 173. 

Select File: Save from the main menu. Make sure to change the 
file directory to the location where you want to save the file, 
since the default path will be to the directory containing the 
template files. Also change the file type from Part Template to 
Part. Save the file with the name “Pulley.” 

Select the Right Plane, and select Normal To from the Context 
Toolbar, as shown in Figure 1.174. Select the Centerline Tool, and 
create vertical and horizontal centerlines from the origin, as 
shown in Figure 1.175. 
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D ESIG N INTENT) Choosing the Initial Sketch Plane 


The choice of the initial sketch plane for a part 
should be considered before beginning the first 
sketch. Standard practice is to orient the part so that 
the Front View provides the best visualization of the 
part of all of the principal views (Front, Back, Top, 
Bottom, Right, and Left). Therefore, the Trimetric 
View, which emphasizes the front of the part, pro¬ 
vides the best pictorial (3-D) view. As we will see in 
Chapter 2, orienting the part properly will make the 
creation of a multi-view drawing easier, as well. For 
the flange part created earlier in this chapter, sketch¬ 
ing the initial circle in the Front Plane resulted in the 
proper orientation of the flange. 

In the case of the pulley, which is created by revolved 
features, the circular profile of the part is the most 
descriptive view, so we chose the Right Plane as the 
sketch plane for our initial sketch. We could have 
also sketched in the Top Plane and achieved the same 
result. 

Once a part has been created in a certain orientation, 
it is difficult to re-orient it. There is no command to 
rotate the part relative to the axes. It is possible to 
change the plane in which a sketch is contained by 
right-clicking the sketch in the FeatureManager and 



selecting Edit Sketch Plane. However, this may 
cause errors in subsequent features. Therefore, it is 
good practice to carefully consider the orientation of 
the part before selecting the initial sketch plane. 


When using either the Centerline Tool or Line Tool, note that there are two differ¬ 
ent methods for drawing line segments. If you click once to set the first endpoint, 
move the cursor and then click again to set the other endpoint, you can then move 
the cursor to create another line segment beginning at the previous endpoint. This 
technique allows you to create continuous line segments. Double-clicking after the 
last endpoint has been placed allows you to start a new group of segments, while 
pressing the Esc key turns off the Line or Centerline Tool. The second method is 
used to create discontinuous line segments. Click to place the first endpoint, and 
hold the mouse button while dragging to the other end. Releasing the mouse button 
places the second endpoint. The cursor can then be moved to the starting point of 
a new segment. 
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Select the Line Tool, and draw the two horizontal lines and two diagonal lines 
shown to form the closed shape shown in Figure 1.176, making sure that the 
upper corners of the shape are coincident with the upper edge of the solid part. 

Select the two diagonal lines and the vertical centerline, using the Ctrl key to 
make multiple selections, as shown in Figure 1.177. Add a symmetric relation. 


Select the Smart Dimension Tool. Click on both of the diagonal lines to create 
an angular dimension. Set its value to 40 degrees. Add the two linear dimen¬ 
sions shown in Figure 1.178. 


FIGURE 1.176 
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The sketch should be fully defined. 


From the Features group of the CommandManager, select the Revolved Cut 
Tool, as shown in Figure 1.179. Click on the horizontal centerline to select it 
as the axis of revolution, as shown in Figure 1.180. Click the check mark to 
complete the cut, which is shown in Figure 1. 181. 



FIGURE 1. 181 




the Trimetric View, and select 
the two edges shown in Figure 
1.182 (shown with the No pre¬ 
view option selected in the 
PropertyManager; it may be 
easier to select the edges with 
No preview selected). Select the 
Rotate View Tool, shown in 
Figure 1.183. Rotate the view 
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FIGURE 1.184 



until the back side of the pulley is visible, then press the Esc key 
to turn off the Rotate View Tool. Click on the two edges on the 
back side to be filleted, as shown in Figure 1.184. Click the check 
mark to add the fillets. 

The filleted part is shown in Figure 1. 185. We will complete the part 
by adding the key way. 


Select the face shown in Figure 1.186, and select the Normal To 
View. Select the Corner Rectangle Tool, and create a rectangle 
similar to the one shown in Figure 1.187. Be careful not to snap either corner 
point to one of the model edges, as this will create an unwanted relation. 
Press the Esc key to turn off the Rectangle Tool and de-select the rectangle. 



Select the bottom line of the rectangle and the origin, as shown in Figure 
1.188. Add a midpoint relation, which will place the midpoint of the selected 
line at the origin, as shown in Figure 1.189. Add the two dimensions shown in 
Figure 1.190 to fully define the sketch. 


FIGURE 1.188 


FIGURE 1.189 



Select the Extruded Cut Tool from the 
Features group of the CommandManager. In 
the PropertyManager, set the type of cut to 
Through All, and click the check mark to 
complete the cut, which is shown in Figure 
1 . 191 . 


FIGURE 1.191 
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The geometry of the part is now complete. Often, we will want to 
know the mass of the part. First, we must define the part’s material. 

In the FeatureManager, right-click on Material and select Edit 
Material, as shown in Figure 1.192. From the list of available 
materials, select Cast Carbon Steel from the Steel group, as 
shown in Figure 1.193. To view the properties in English units, 
select English (IPS) from the pull-down menu. 

Note the properties for this material are displayed in Figure 1.193. 
For the calculation of mass, the density, approximately 0.28 
pounds-mass per cubic inch, is used. The other properties listed are 
used in stress and thermal analyses. 
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FIGURE 1.193 



Click Apply to accept the material choice, and close the Material FIGURE 1.194 
box. From the Main Menu, select Tools: Evaluate: Mass Properties, 
as shown in Figure 1.194. *™*-***. 
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FIGURE 1.195 



Mass properties are displayed, 
as shown in Figure 1.195. Note == 
the mass of 8.264 pounds (more “ r,s * in9S " 
precisely, the mass is 8.264 
pounds-mass and the weight is 8.264 
pounds); the volume and surface area are 
also calculated. The part’s center of mass 
is indicated on the part, and its coordinates 
are listed in the Mass Properties window. 
For this part, the center of mass is a small 
distance (0.001 inches) below the origin, 
as the key way causes the part to be slightly 
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DESIGN INTENT) Keeping It Simple 


In this exercise, we modeled the pulley using four 
features: A revolved base, a revolved cut for the 
V-belt groove, fillets, and an extruded cut for the 
keyway. These first three features could have been 
combined by sketching the completed cross- 
section as a single sketch, as shown here (the Sketch 
Fillet Tool can be used to create the fillet profiles). 
Which method is better? Although the finished parts 
will be identical, breaking a part’s creation into sim¬ 
ple steps is usually the best approach. Many of the 
errors that are encountered when making parts are 


related to sketches—duplicate entities, open con¬ 
tours, endpoints of lines and arcs that do not meet, 
and under defined geometry are examples of the 
types of errors that are associated with sketches. 
(Using the Shaded Sketch Contours Option is help¬ 
ful in finding errors in complex sketches, as only 
closed contours will be shaded.) The more complex 
the sketch, the more likely these errors are to occur, 
and the harder they are to troubleshoot. Also, design 
changes are easier to make with a part created from 
many simple steps. 
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FUTURE STUDY 


Dynamics (Kinetics) 


In physics, you learned Newton’s Second Law: 

F = ma 

or the forces (F) acting on a body equal the 
mass of the body (m) times its acceleration 
(a). For mechanical engineers designing 
machines with moving components, applica¬ 
tion of this law results in the forces required 
to move a body in a particular manner. In the 
field of engineering materials, the develop¬ 
ment of lightweight, strong materials allows 
moving components to be moved at extremely 
high accelerations, resulting in higher per¬ 
formance. 

The form of Newton’s Second Law written 
above applies to bodies moving in linear or 
translational motions. Most machine compo¬ 
nents also move in rotational motions. 
Newton’s Second Law for rotational motions 
is: 

T = 16 

or the torques (T) acting on a body equal the 
mass moment of inertia (I) times the angular 
acceleration (6) of the body. This mass moment 
of inertia is a function of the body’s mass and 
the way in which the mass is distributed relative 
to the axis of rotation. For example, consider the 
two wheels shown here. The two wheels are the 
same diameter and have the same weight, but 
the wheel on the left has a mass moment of iner¬ 
tia almost twice that of the wheel on the right. If 
the wheels were mounted onto shafts, it would 


take twice as much torque to bring the wheel on 
the left up to speed as it would the wheel on the 
right (over the same period of time). While a 
low mass moment of inertia is usually desirable, 
a notable exception is a flywheel. The inertia of 
a flywheel in an engine rotating at a high speed 
makes it difficult to slow down. As a result, the 
rotational speed of the engine remains smooth 
despite small fluctuations in power. 

The calculation of mass and mass moments of 
inertia for complex shapes can be tedious. 
Therefore, the use of solid modeling software to 
perform these calculations saves time for engi¬ 
neers performing these types of analysis. 



asymmetric. If more decimal places are desired for any of the quantities displayed, 
then within the Mass Properties dialog box choose Options: Use custom settings 
and choose the desired number of decimal places. You can also change the default 
number of decimal places displayed by choosing Tools: Options: Document 
Properties: Units and changing the value beside Length under Mass/Section 
Properties. Also displayed are the part’s moments of inertia, which are important in 
dynamic analysis and are often very cumbersome to calculate by hand (see the 
Future Study box). 
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FIGURE 1.196 



Close the Mass Properties window, and save the part file. 

Often, we will be interested in seeing how changes we make to a part’s 
geometry will affect its mass. A sensor allows mass changes to be dis¬ 
played continuously. 

Right-click Sensors in the FeatureManager, and select Add Sensor, as 
shown in Figure 1.196. 

Set the type of sensor to Mass Properties: Mass, as shown in Figure 
1.197, and click the check mark. 


FIGURE 1.197 
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Click the arrow beside the Sensors entry in the 
FeatureManager to display the new sensor. The mass 
of the part will now be displayed, as shown in Figure 
1. 198. Note that sensors may be used to track other types 
of data, such as stress analysis and motion analysis 
results. Within the Mass Properties group, the volume, 
surface area, and coordinates of the center of mass can be 
tracked with sensors. 


Double-click the V-belt Groove feature (Cut-Revolvel) in the 
FeatureManager. Double-click the 0.5-inch depth dimension, as shown in 
Figure 1.199 (shown here from the Right View), and change it to 0.4 
inches. Rebuild the model. 



FIGURE 1.200 
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Note that the mass reported by the sensor has 
changed to reflect the change to the model, 
as shown in Figure 1.200. 

Suppose we want to find the mass for a cast¬ 
ing of the pulley without the V-belt groove 
and the key way. An easy way to do this is to 
suppress those features from the calcula¬ 
tions. 


FIGURE 1.201 



FIGURE 1.202 
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Right-click the V-belt Groove (Cut-Revolvel) and 
select Suppress, as shown in Figure 1.201. Do the 
same for the keyway (Cut-Extrudel). 

Note that the suppressed entities are shown in gray, 
as shown in Figure 1.202, and the weight of the 
casting is shown as 10.25 pounds. The suppressed 
entities can be restored to the model by right- 
clicking and selecting Unsuppress. 

Close the part file without saving any of the 
changes made. 
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PROBLEMS 


Pl.l Create a solid model of the stepped FIGURE PI.IA 
shaft, using Extruded Boss/Base and 
Fillet features. 


FIGURE PI.IB 


T 



All dimensions are inches 


PI.2 Make a solid model of each of the parts shown 
in Figure PI.2. Let one grid space equal one 
inch. The cut on the bottom of part C and the 
hole in part D both go completely through the 
part. Use fully defined sketches. 


FIGURE PI.2 




P1.3 Create a model of the torus shown in Figure PI.3A. Dimensions are shown in 
Figure PI .3B. Find the formula for the volume of a torus, and compare the 
value calculated from the formula with that obtained from the Mass Properties 
Tool. 


FIGURE PI.3A 


FIGURE PI.3B 
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P1.4 Construct a solid model of the wooden lamp base shown in Figure P1.4A. 

It can be constructed by revolving the sketch shown in Figure PI.4B 
(dimensions in inches). Add 0.25" fillets at exterior and interior edges, except 
at the top and bottom edges. If the base will be turned down from 4-inch 
diameter stock on a lathe, determine the volume of wood that must be removed 
to make the base. 


FIGURE PI.4A 




P1.5 Create a solid model of this plastic pipe tee. A tee is used to connect pipes 

together. The type of tee shown here is used to join pipes with solvent welding. 
A chemical is applied to the inside of the socket, and the pipe is then forced 
into the socket. The solvent softens the plastic, and when the solvent dries, a 
strong, permanent joint is created. The sockets are tapered slightly to allow for 
a tight fit with the pipe. 

Set the material to PVC Rigid and find the weight of the tee. Dimensions 
shown are inches. 

(Answer: Weight = 0.1044 pounds. Click the Options tab in the Mass 
Properties box and increase the number of decimal places, if necessary.) 


FIGURE PI.5A 



FIGURE PI.5B 
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PI.6 Create a solid model of this 2-mm-thick steel bicycle disk brake rotor. 
Calculate the mass of the part, using AISI 304 steel as the material. 

Note: Although this part can be modeled with a single extrusion from a 
complex sketch, you will find it easier to extrude a solid disk and then use a 
series of simple extruded cuts and circular patterns. 


FIGURE PI.6A 



FIGURE PI.6B 
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PI.7 Create a solid model of the pleated filter element. Dimensions shown are 

inches, and the diameter dimensions shown are nominal dimensions. There are 
36 pleats in the part, and the part is 8 inches long. 

To create this part, start a sketch with two construction circles representing 
the nominal inner and outer diameters. Add and dimension two lines 
representing one pleat, and use a circular pattern to copy these two lines 
into the other 35 positions. Select the Extruded Boss Tool. Since the sketch is 
an open contour, a thin-feature extrusion will be created. Set the thickness to 
0.02 inches, and set the type as Mid-Plane. 

FIGURE PI.7A FIGURE PI.7B 



07.00 


05.50 


P1.8 Create a model of the impeller shown in Figure PI .8A. An impeller is used in a 
pump to increase the speed of a fluid. As the impeller rotates, fluid entering 
through the hole in the front plate is propelled outward. Begin by creating the 
back plate, hub, and center hole (for mounting onto a shaft), as shown in Figure 
PI.8B (all dimensions are mm). 

FIGURE PI.8A FIGURE PI.8B _ 
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1. Open a sketch on the front face of the back 
plate. Select the Convert Entities Tool from 
the Sketch Group of the CommandManager, 
and click on the two circular edges indicated 
in Figure P1.8C. Click the check mark to 
create circular entities in the sketch. Draw 
two lines from the edge of the hub to the 
edge of the back plate. The top line should be 
tangent to the edge of the hub. The bottom 
line should be parallel to the top line. Add a 
5-mm dimension between the two lines. 

Although the radial alignment of the lines is 
not critical, making one of the lines 
horizontal will make the sketch fully defined. 

2. Extrude the sketch contour bounded by the lines and circles to the same 
30-mm depth as the hub (try using “Up to Surface” as the type of extrusion) 
to create the first vane on the impeller. Add a 5-mm fillet at the base of 
impeller, and use the Circular Pattern Tool to create a pattern of six vanes 
and radii, as shown in Figure PI .8D. 




3. Add the 5-mm-thick front plate, which has a 75-mm-diameter “eye” to 
allow fluid to enter. 


P1.9 Create the body of the flange shown in Figure I. I and detailed in Figure 1.2 
by sketching its cross-section in the Right Plane and revolving it about the 
flange’s axis. Include the fillets in the sketch, using the Sketch Fillet Tool. 
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PI. 10 Create a solid model of the connecting rod shown in Figure P1. 10A. Use the 
dimensions shown in Figure PI. I OB. Assign the material to be Cast Carbon 
Steel, and add a sensor to determine the mass. Notes: When sketching the 
shape of the rod, use tangent relations between the diagonal edges and the 
rounded ends, as shown in Figure PI .IOC. To maintain the symmetry of 
the rod, make your sketches in the Front Plane and choose Midplane as the 
type of extrusion. This will cause the sketch to be extruded an equal distance in 
both directions from the Front Plane. 



FIGURE PI. I OB 




PI. 11 Consider the connecting rod model created in P1. 10. Due to weight restrictions 
on the design, the weight of the connecting rod must be reduced to 1.70 lb. 
Add a recessed pocket like the one shown in Figure P1. 11 to both sides of the 
connecting rod (to maintain symmetry), and select appropriate dimensions to 
reduce the weight of the part to an acceptable 
level. Notes: Experiment with the Offset FIGURE P1. 11 

Entities Tool when creating the recessed 
pocket. This tool allows for new entities to 
be created at a specified distance away from 
selected lines or arcs. Also, try the Mirror 
Tool to create the second pocket, with the 
Front Plane as the mirror plane. These tools 
will be explained in detail in later chapters. 



































CHAPTER 2 

Engineering 

Drawings 



Introduction 


Even companies that design parts exclusively with solid modeling software 
still need to produce 2-D drawings. A multiple-view 2-D drawing is the 
best way to document the design, showing all of the dimensions necessary 
to produce the part. Since no manufacturing process can produce “perfect” 
parts, the tolerances (variations from the stated dimension of a part) 
allowed for important dimensions are also shown on 2-D drawings. 

The SOLIDWORKS program allows for 2-D drawings to be quickly and 
easily produced from 3-D models. The drawing will be fully associative 
with the part file, so that changes to the part will be automatically reflected 
in the drawing, and vice versa. 


2.1 Drawing Tutorial 

In this tutorial, a 2-D drawing of the flange from Chapter 1 will be 
made. 


Chapter Objectives 

In this chapter, you will: 

■ make a 2-D drawing 
from a SOLIDWORKS 
part, 

■ create a custom drawing 
sheet format, and, 

■ use eDrawings® software 
to create a drawing file 
that allows for easy file 
sharing and collaborative 
editing. 1 


Open the SOLIDWORKS 
program. Click on the New 
Document Tool, as shown in 
Figure 2.1. Select the 
Drawing icon, as shown in 
Figure 2.2, and click OK. 


FIGURE 2.1 


OJfe; 


Creates a new document. 


FIGURE 2.2 



1 eDrawings is a trademark of Dassault Systemes SolidWorks Corporation. 
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As if you were making a drawing by hand, your first step is to select the size and type 
of paper to be used. Later we will look at using sheet formats with a title block, but 
for now let’s use a blank 8-1/2 x 11-inch sheet (A-Landscape). 


FIGURE 2.3 



Choose a paper size of A-Landscape, and click on 
the box labeled “Display sheet format” to clear 
the check mark, as shown in Figure 2.3. 

Click OK to close the dialog box. Click on the X 
(Cancel) in the Model View PropertyManager, as 
shown in Figure 2.4. 

The Model View command starts automatically for 
a new drawing, but we will set a few options before 
bringing in the flange model data. 


FIGURE 2.4 



@ Model View 


FIGURE 2.5 
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Select the Options Tool, as shown in Figure 

2.5. Under the System Options tab, select 
Drawings: Display Style, and set the hidden 
line and tangent displays as shown in Figure 

2 . 6 . 


Messa j Cancel \ * Hidden lines are usually displayed in standard 

select a part or assembly from which drawing orthographic views, but not in section 

to create the view, then elide Next. 

or detail views. Tangent edges are usually not 
shown in drawing views. Whether or not to show hidden and tangent edges is some¬ 
times dependent on the complexity of the part. As we will see later, we can change 
these display options for each model view. 


Select Colors: Drawings, Paper Color. Select Edit, as shown in Figure 2.7. Select white 
for the paper color and click OK. 


FIGURE 2.6 
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Under the Document Properties tab, select Drafting 
Standard and set the dimensioning standard to ANSI, 
as shown in Figure 2.8. Select Dimensions, and make 
sure that the number of decimal places is set to 2 
(.12), as shown in Figure 2.9. Select Detailing, and turn 
on the automatic display of centerlines, as shown in 
Figure 2.10. Select Units, and set the Unit system to 
IPS (inch, pound, second), and the decimal places to 2, 
as shown in Figure 2.11. Set the decimal places for 
angles to None. Click OK. 


FIGURE 2.8 




Although the part was mod¬ 
eled with the decimal places 
set to 3, the number of deci¬ 
mals does not affect the 
accuracy of the model, only 
the way dimensions are dis¬ 
played. For a drawing, the 
number of decimal places 
should be related to the tol¬ 
erance level of most of the 
dimensions. Note that there 
is an option for setting the 
units of dual dimension 
lengths. Often, drawings 
show one set of dimensions in the primary unit system and a second set of dimen¬ 
sions in brackets. In this way, both US and SI units can be displayed on a single 
drawing. Since we will not be using dual dimensions, we do not need to change the 
default setting. As with the part template that we modified and saved in Chapter 1, 
we have set the number of decimal places twice. Since the number of decimal places 
can be changed in two places, we have set both the number of decimal places in 
both places to be sure that our preference will be saved in the drawing template. 

Before saving these settings in a template, we will set the type of projection to third 
angle. The third-angle option displays the Front, Top, and Right Views, with the Front 
View in the lower left position (standard for most US drawings), while the first-angle 
option displays the Front, Top, and Left Views, with the Front View in the upper left 


FIGURE 2.1 
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position (standard for most European drawings). For 
example, consider the part shown in Figure 2.12. The 
first- and third-angle projections of this part are shown in 

Figure 2.13. 

In the drawing space, right-click and select Properties 
from the menu that appears. (It may be necessary to click 
the double-arrow at the bottom of the menu to show the 
Properties option.) Set the Type of projection to Third 
angle, as shown in Figure 2.14, and click Apply Changes 
to close the Sheet Properties box. 


FIGURE 2.13 
First Angle Projection 






FRQNTT 


LEFT 



Third Angle Projection 



FROtNIT 


FIGURE 2.14 



Before proceeding, we will save the settings that we have made. The settings under 
the System Options tab will apply to any future drawings, but those under the 
Document Properties tab, as well as the First/Third Angle Setting, will revert to their 
previous values unless saved. These settings are stored in a template file. When we 
start a new document and select Part, Drawing, or Assembly, we are opening the 
template associated with that type of file. In Chapter 1, we modified the Part tem¬ 
plate. We will now perform a similar operation to modify the Drawing template, 
saving our changes for future drawings. 

Select File: Save As from the menu. From the Save as 
type pull-down menu, select Drawing Templates, as 
shown in Figure 2.15. The default template name, 
Drawing.drwdot, will be displayed in the file list. Click 
on the template name to select it, and click Save. When 
asked if you want to overwrite the existing file, click 
Yes. 


The settings that you specified will be applied when you 
open a new drawing. One note of caution: as with the 
Part template in Chapter 1, the next time you save a file, 
the default folder will be the one where the templates are 
stored. Be sure to change the folder to the one where you 
want to store the file, and the file type back to Drawings. 


FIGURE 2.15 
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When we modeled a part in Chapter 1, we found most of the commands we needed 
in the CommandManager. In the drawing mode, the CommandManager has three 
groups of commands that we will use regularly. To keep the interface as simple as 
possible, we will hide the other groups. 


Right-click on any of the CommandManager tabs. Click on 
the name of each group other than View Layout, 
Annotation, and Sketch to clear the check mark and turn 
off display of that group, as shown in Figure 2.16. 

We are now ready to import the geometry from the part file. 

From the View Layout group of the CommandManager, 
select the Model View Tool, as shown in Figure 2.17. 


FIGURE 2.16 
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FIGURE 2.17 


If you have the flange open in another window, then it will appear 
in the PropertyManager. If so, double-click the file name to select 
it. If not, then click the Browse . . . button, as shown in Figure 2.18, 
and find the flange part file where you stored it. In the 
PropertyManager, select Create multiple views and click on the 
Front and Top Views to select them, as shown in Figure 2.19. If any 
other views are selected (such as the Trimetric View), click the box 
next to the view name to clear the check mark and de-select the 
view. Click the check mark to place the views. 
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Model View 

Adds an orthogonal or named view 

existing part or assembly. 


Note the “A” designation 
shown of the Front and Top 
Views in Figure 2.19. This 
indicates that model dimen¬ 
sions are associated with 
these views. 

As you pass the cursor over 
each drawing view, notice 
that a rectangular box that 
defines the boundary of that 
view appears. Moving the 
cursor over the drawing 
view boundary displays the 
move arrows, as shown in 
Figure 2.20. When the move 
arrows are displayed, you 
can click and drag the drawing view to a new location. Note that the views remain in 
alignment as they are moved. 



FIGURE 2.20 


A 



Note that we need only the Front and Top Views for this part, since the Right View 
shows no information that cannot be seen in the Top View. Also, note that the drawing 
scale was automatically selected so that the drawing views fit on the sheet. You can 
override the scale by right-clicking in the drawing area, selecting Properties, and 
defining a new scale. 
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While we can add dimensions manually using the Smart Dimension Tool, we usually 
prefer to import the dimensions from the part model. Doing so has the advantage that 
imported dimensions can be changed and changes will be reflected in 
the model. Dimensions added to the drawing with the Smart 
Dimension Tool will be driven dimensions, meaning that their values 
will be updated when changes are made to the model, but the dimen¬ 
sions cannot be used to change the model from the drawing. Another 
advantage of importing dimensions is that if fully defined sketches are 
used to create the part, then importing the dimensions helps to assure 
that the drawing will be fully defined as well. (However, using fully 
defined sketches does not guarantee that the drawing will be fully 
defined. In particular, if a model feature is positioned with relations, 
then additional dimensions will often need to be added to the drawing 
to precisely locate that feature.) 

Click the Annotation tab of the CommandManager, and select the Model 
Items Tool as shown in Figure 2.21. In the PropertyManager, select 
Entire model as the source. Also check the boxes labeled “Import items 
into all views” and “Elimate duplicates,” as shown in Figure 2.22. Click 
the check mark to import the model items (dimensions) into the draw¬ 
ing views. 

While the PropertyManager for Model Items contains options for controlling 
the import of dimension, notes, tolerances, etc., accepting the default options is 
usually sufficient. Note that all dimensions used to create the model are 
imported except for one—the 45-degree angle of the chamfer. The reason that 
this dimension is not imported is that this dimension would have to be applied 
to a feature that is hidden in the current drawing views. If the box labeled 
“Include items from hidden features” in the Model Items PropertyManager had 
been checked, then this dimension would have been imported. Instead, we will 
import the dimension into a detail view that we will add later. Also note that the 
R.25 dimension defining the fillet radii may be shown on a different fillet, 
depending on which edge you selected first when creating the fillets in the 
model. 


FIGURE 2.22 
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FIGURE 2.23 



You can click and drag on the value of any dimension to reposition it within 
its associated drawing view. 

Click and drag the dimensions on the drawing sheet so that they can all 
be clearly seen, as shown in Figure 2.23. Note that a dimension will often 
automatically align with other entities when you drag it to move its posi¬ 
tion. Holding down the Alt key while dragging the dimensions turns off the 
auto-alignment and allows you to place the dimensions more precisely. 

You can also change how the arrows are dis¬ 
played on linear dimensions, such as for the 
2.25-inch dimension shown in Figure 2.24. 
When you click once on the dimension value to 
select it, the dimension will appear in green and 
dots will appear on the arrowheads. When you 


FIGURE 2.24 
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click on one of these dots, the arrowheads will switch from outside to inside or vice 
versa, as shown in Figure 2.25. 

Dimensions are shown in the view in which they were created in the part. For exam¬ 
ple, the 5.5-inch and 2.75-inch diameters are shown in the Front View, since they 
were created from circles sketched in the Front Plane (or sketch planes parallel to 
the Front Plane). However, standard drawing practice is for the diameter of a solid 
cylindrical feature to be shown in a view normal to the one in which it appears as a 
circle. Therefore, we want these dimensions in the Top View. Rather than deleting 
these dimensions from the Front View and adding them to the 
Top View, we will simply move them. FIGURE 2.26 - 


FIGURE 2.25 



Press and hold down the Shift key. Click and drag the 
5.5-inch dimension until the cursor is within the boundaries of 
the Top View. Release the mouse button, and the dimension will 
be placed in the Top View, as shown in Figure 2.26. (Make sure 
to release the mouse button before releasing the Shift key; oth¬ 
erwise, the move operation will not work.) Repeat for the 2.75- 
inch dimension. 



Hole diameters should be shown with leaders, rather than as linear dimensions. 
Depending on how you dimensioned the center hole in the part model, the 1.50-inch 
dimension may be imported as a linear dimension, as shown in Figure 2.23, or with 
a leader. 


FIGURE 2.27 
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If the 1.5-inch diameter dimension appears as 
a linear dimension, right-click on the dimen¬ 
sion value, and choose Display Options: 
Display as Diameter, as shown in Figure 2.27. 
Click and drag the dimension to a convenient 
location, as shown in Figure 2.28. 

The orientation of diameter dimensions can be 
changed by clicking and dragging the green 
dot that appears directly above the dimension 
value when it is selected. For example, if the 
4.25-inch diameter dimension is imported 
with the dimension line horizontal, it can 
be rotated 90 degrees by clicking and 
dragging the green dot, as shown in Figure 
2.29. (This will prevent the leaders of the 
hole diameters from crossing the exten¬ 
sion lines of 4.25-inch dimension.) 


The options for changing the appearance 
of dimensions, dimension lines, and 

leaders are numerous, and we will cover only a few in this text. By right- 
clicking on any dimension and selecting Display Options or Properties, you will 
find that it is easy to change the appearance of the dimension. 


FIGURE 2.28 


FIGURE 2.29 
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DESIGN INTEN T Exploiting Associativity 


In Chapter 1, we defined the position of the bolt 
holes in the flange by creating a construction circle 
and specifying the diameter dimension of the circle. 
Alternatively, we could have located a single hole by 
specifying its radial location from the center point of 
the flange. As we modeled the flange, either dimen¬ 
sioning technique would properly locate the first 
hole in our hole pattern, and it would seem that either 
alternative would be acceptable. When dimension¬ 
ing the drawing, however, we see that drawing a bolt 
circle and dimensioning its diameter is the preferred 
way to show the radial position of the bolt holes. If 


the distance were defined by a radial dimension, then 
we could simply delete the radial dimension in the 
drawing, add a construction circle, and add a new 
dimension. However, the new dimension would not 
be associative with the part. That is, changing the 
added 4.25-inch dimension would not change the 
bolt hole positions, and changing the radial dimen¬ 
sion in the part would not cause the drawing dimen¬ 
sion to be updated. Therefore, maintaining full 
associativity between the part and the drawing would 
require editing of the part file. 


The font for any dimension can be changed individually, but if you want to change 
the font type or size for all dimensions, you can do that from the Document 
Properties menu. 


Select the Options Tool. Under Document Properties, select Dimensions, click the 
Font button, and select a font and font size. The font size may be input in inches 
or points. The figures in the remainder of this chapter were made with the default 
font (Century Gothic) at a size of 18 points. Click OK to apply the selected font. 


FIGURE 2.30 
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A section view will help show the center hole and the 
chamfer more clearly. 


Click the View Layout tab on the 
CommandManager, and select 
the Section View Tool as shown 

in Figure 2.30. 


FIGURE 2.31 
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In the PropertyManager, make 
sure that Section is selected (so 
that a full section view—one 
that passes completely through 
the part—will be created). Select 
the horizontal section option, as 
shown in Figure 2.31. 
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Move the cursor into the Front View. A preview of the section line will 
appear. Note the line will pass completely through the part. Move the 
cursor to the center mark of the view, which will cause the section to 
pass through the center of the part, as shown in Figure 2.32. Click to 
place the section line. A pop-up menu will appear, with options for cre¬ 
ating an offset section line, as shown in Figure 2.33. Since we are creating 
a simple full section, just click the check mark. 

Move the cursor to place the section view. By default, the view will be 
kept in alignment with the Front View. Drag the section view away from 
the Front View, and click once to place the view, as shown in Figure 2.34. 
The section view arrows should point up, so that the section view is in 
the desired orientation. If the arrows point down, then click the Flip 
Direction button, as shown in Figure 2.34. 



L.J 


FIGURE 2.33 


FIGURE 2.34 




Right-click within the section view boundary box, and from the menu that 
appears, select Alignment: Break Alignment, as shown in Figure 2.35. Move the 
cursor over the edge of the section view boundary box so that the move arrows 
appear. Click and drag the view to a new location on the sheet, as shown in Figure 
2.36. 
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FIGURE 2.37 
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Note that the Drawing Heads-Up View Toolbar contains 
some of the same icons as the Part Heads-Up View Toolbar, 
and also includes a Zoom to Sheet Tool, as shown in Figure 
2.37. When this tool is selected, the entire drawing sheet is 
displayed below the Heads-Up View Toolbar. You may add 
tools to the Heads-Up View Toolbar in the same manner as 
presented in Chapter 1. One tool that you may find useful to 
add is the Pan Tool, which allows you to view different 
regions of the drawing without changing the zoom level. 


FIGURE 2.38 
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Since we specified centerlines to be added automatically 
when we set the options for the drawing template, they 
appear in the section view. If the centerlines are not wanted, 
they can be deleted by clicking on each one and pressing the 
delete key. Centerlines may also be added manually to 
either individual features or to all of the entities within a 
specific view with the Centerline Tool from the Annotation 
group of the CommandManager, as shown in Figure 2.38. 


FIGURE 2.39 



Note that the section view was added without hidden edges 
shown, even though displaying hidden edges was set as an 
option, and hidden edges are displayed in the front and top 
views. Hidden edges are not typically shown in section 
views, but the display of hidden edges in any view can be 
changed by selecting the view and then choosing the display 
style from the Heads-Up View Toolbar, as shown in Figure 
2.39. 

The chamfer is difficult to see at the default scale (1:2). A 
detail view that enlarges the chamfer region will be helpful. 

Select the Detail View Tool from the View Layout group of 
the CommandManager, as shown in Figure 2.40. 


The Circle Tool will be activated automatically. Drag out a circle around the area 
to be included in the detail view, as shown in Figure 2.41. Move the cursor to the 
position where you want the detail view to appear, and click to place the view, 
as shown in Figure 2.42. If a centerline appears in the detail view, select it and 
press the Delete key. (There may be two centerlines—one for the hole and one 
for the chamfer. If so, delete both.) 
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Note that the detail view has a scale of 1:1. The scale of any drawing view can be 
changed, and we will change the scale of the detail view to enlarge the chamfer area 
further. 

With the detail view selected, check the “Use custom scale” option in the 
PropertyManager, and change the scale to 2:1, as shown in Figure 2.43. Click the 
check mark to apply the scale. 

Dimensions can be imported into section and detail views. In this case, the 
45-degree angle of the chamfer can be seen best in the detail view. Also, dimensions 
should not be applied to hidden features. Therefore, the 45-degree dimension was 
not imported along with the other dimensions to either the Front or Top Views. 

Click in the white space of the detail view boundary box to select this view, and 
select the Model Items Tool from the Annotation group of the CommandManager, 
as shown in Figure 2.44. Click the check mark 
to import dimensions into the view. The 45- 
degree dimension will be added, as shown in 
Figure 2.45. Press Esc to de-select the detail 
view. 


We would also like to show the 0.080-inch 
width of the chamfer on the detail view, but 
that dimension has already been imported into 
the Front View. We will move the dimension 
from the Front View to the detail view. 

Press and hold the Shift key. Click and drag 
the 0.080-inch chamfer dimension from the 
Front View into the detail view boundary 
box. When you release the mouse button, the 
dimension will be moved into the detail view. 
Release the Shift key, and drag the dimension 
to its final position, as shown in Figure 2.46. 


The labels (A’s and B) on the section lines and 
the detail view circle, as well as the captions 
of the views, are shown with the default font 
size. These font sizes can be changed in the Document Options, or can 
be changed individually. 


FIGURE 2.43 





Click on the section line to select it, as shown in Figure 2.47. In the 
PropertyManager, clear the check box labeled “Document font,” click the Font 
button, and increase the size of the font. When you click OK, you will be 
prompted to apply this change onto the Section View as well. Click Yes. Repeat 
for the detail view label and caption. Note that it may be necessary to rebuild the 
drawing for the increased font size to appear. Also, if you want to change the let¬ 
ter associated with the view, you can also do this from the PropertyManager. If 
you want to change the style of the section line, select Options: Document 
Properties: Views: Section and select a different line style and/or thickness. 
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FIGURE 2.48 
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FIGURE 2.50 
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Your drawing should now appear as in Figure 2.48. 
This is a good time to save your work. 

Select File: Save and save the drawing as “Flange 
Drawing,” with a file type of .slddrw (SOLIDWORKS 
Drawing). Since the last Save operation stored the 
drawing template to the default directory, make sure to 
save the drawing file to your desired location. 

As we noted earlier, the number of decimal places dis¬ 
played in the drawing will relate to the tolerances 
applied to each dimension. Often, certain dimensions are 
more critical than others and will need to have tolerance 
values specified. For example, suppose that the center 
1.5-inch diameter hole needs to have a tight 

- tolerance to allow for a good fit with the part 

that will be inserted into the hole. 


Text on 
Right 


Dimension 

Value 


Click on the number portion of the 1.50-inch 
dimension. An icon representing the 
Dimension Palette will appear, as shown in 
Figure 2.49. Move the cursor over the icon, 
and the Dimension Palette will be expanded. 
The Dimension Palette contains many tools 
for modifying the appearance of the dimen¬ 
sion, as shown in Figure 2.50. The dimension value can be modified by adding 
text to the left (such as the diameter symbols that appeared automatically with 
the diameter dimensions) or to the right (such as “Typ” to show the dimension 
is “typical” of the dimension of similar features). Also, the number of decimal 
places (unit precision) can be modified and tolerances can be added. In the 
Dimension Palette, use the pull-down Unit Precision menu to set the number of 
decimal places to three (.123), as shown in Figure 2.51. Set the Tolerance Type 
to Bilateral, as shown in Figure 2.52. Click on the numerical value of the plus tol¬ 
erance, and enter a value of .003, as shown in Figure 2.53. Click outside of the 
Dimension Palette to close it. 

The dimension should now appear as in Figure 2.54, indicating that the diameter 
can be no smaller than the 1.500-inch nominal dimension, but can be up to 0.003 
inches larger. 

In addition to dimensions with tolerances, geometric tolerances are often added 
to drawings in order to fully define the acceptable limits of a part’s geometry. 

For example, suppose that the back surface of the 
flange is to mate to another part with a gasket 
between the two parts to create a seal. If the back of 
the flange is warped, it may not allow for a proper 
seal, even if all dimensional tolerances are met. To 
ensure a good surface for sealing, we might need to 
add a flatness specification. 
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FUTURE STUDY 


Manufacturing Processes, Geometric 
Dimensioning and Tolerancing, and Metrology 


In this example, we placed a relatively tight 
tolerance on the diameter of the center hole so 
that a tight fit could be realized between the 
flange and the part that fits into the hole. How 
do you know what the tolerance should be? 
Perhaps a better question is: what tolerance is 
required for the part to function as designed in 
an assembly? The answer to this question will 
in many cases dictate the manufacturing 
process that can be used. Many engineering 
students study manufacturing processes, but it 
is impossible to learn the specific details of all 
of the manufacturing processes in use today. 
On the job, engineers should learn as much as 
possible about the manufacturing processes 
used by their company and its suppliers, in 
order to understand what tolerances are practi¬ 
cal and economical. 

Applying dimensions and tolerances to engineer¬ 
ing drawings is a more complex topic than it first 
appears. For example, consider a simple part 
such as a pin that is required to fit into a hole. If 
we simply define the diameter of the pin and 
place tolerances on the diameter, are we sure that 
the pin will fit into the hole? What if the pin is 
bent slightly? Its diameter might be within the 
limits defined by the tolerance, but it may not 
work in its intended purpose. The process of 
Geometric Dimensioning and Tolerancing 
(GD&T) allows a designer to specify the accept¬ 


able condition of a part, considering its function. 
In the example we just discussed, a straightness 
tolerance might be required. In the drawing tuto¬ 
rial in this chapter, we added a flatness specifica¬ 
tion to a surface that was important for sealing. 
Proper application of GD&T standards can actu¬ 
ally reduce the cost of making many parts, since 
they allow control of the important features of a 
part more efficiently than simply tightening the 
tolerance values of all dimensions. At many 
companies, the detailing of drawings is per¬ 
formed by a drafting department, and engineers 
document designs with less-formal drawings and 
sketches. At many smaller companies, however, 
engineers detail their own drawings. For these 
engineers, study of GD&T standards and prac¬ 
tices is necessary. 

A related area of study is metrology, the sci¬ 
ence of measurements. Many features are dif¬ 
ficult to measure accurately with traditional 
methods, and computer-controlled Coordi¬ 
nate Measuring Machines (CMMs) are now 
widely used in industry. Using statistical 
methods with measured data, quality assur¬ 
ance engineers track variations and work to 
control the processes that are used to produce 
the components. This method of Statistical 
Process Control (SPC) allows problems to be 
detected and corrected before defective parts 
are produced. 


FIGURE 2.55 



In the Top View, click on the line 
corresponding to the back surface of 
the flange, as shown in Figure 2.55. 
Select the Geometric Tolerance Tool 
from the Annotation group of the 
CommandManager, as shown in Figure 
2.56. 


FIGURE 2.56 
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FIGURE 2.60 
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FIGURE 2.58 _ In the dialog box, select the Flatness symbol 

Geometric Tolerance | from the pull-down symbol menu, as shown 

in Figure 2.57. Enter 0.010 as the value for 
Tolerance I, and a preview of the tolerance 
call-out will appear, as shown in Figure 
2.58. Click to place the annotation in the 
desired location. Click OK to apply the tol- 
erance, and drag the call-out box to the 
|| £7 | -oio ) desired location, as shown in Figure 2.59. If 

desired, change the font size in the 
PropertyManager. 

Since we are not using a title block with the unit system and default toler¬ 
ances shown, we will specify them in a note. 

Select the Note Tool from the Annotation group of the CommandManager, 
as shown in Figure 2.60. Drag the cursor to the approximate location where 
the note will be placed (near the bottom of the drawing), and click. Do not 
click directly on an item in the drawing, or the note will appear with 
a leader to that item. Choose a font type and size from the toolbar 
~ that appears. In the text box that appears at the location where you 
clicked, begin typing the text of the notes shown in Figure 2.61. 
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FIGURE 2.61 
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FIGURE 2.62 
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Use the Enter key to start a new line. The ± symbol is inserted by clicking 
on the Add Symbol Tool in the PropertyManager (Figure 2.62) and selecting 
Plus/Minus from the list of available symbols, as shown in Figure 2.63. Click 
outside of the text box to place the note. Press the Esc key to turn off the 
Note Tool; otherwise, subsequent mouse clicks will place duplicate notes on 
the drawing. 



If desired, you can change the font 
type and size by double-clicking the 
note and changing the font parame¬ 
ters on the toolbar that appears. 

Since we defined all of the fillets 
with a single fillet command in the 
part, only one of the fillets is dimen¬ 
sioned in the drawing. We might pre¬ 
fer to call out the fillet radius in a 
note, yet maintain associativity with 
the part. 
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Double-click on the note. Move the cursor to the end of the last line and press 
the Enter key to move to a new line. Type in “All fillets and rounds are,” and click 
on the .25-inch dimension. The dimension’s value will appear in the text box. Click 
outside of the text box to end editing of the note. The completed note is shown 

in Figure 2.64. 


FIGURE 2.64 


All dimensions are inches and degrees 
Default tolerance for linear dimensions is ±.020 
Default tolerance for angular dimensions is +2 
All fillets and rounds are R.25 


If you change the value of the 
radius, then the value in the note 
will change accordingly. Now 
that the fillet radius is shown in a 
note, displaying it on the draw- 


FIGURE 2.65 



FIGURE 2.66 
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ing is unnecessary. However, deleting the 
dimension will produce an error, since the note 
links to the value of the dimension. Therefore, 
we will hide the dimension. 

Right-click on the R.25 dimension and select 
Hide from the menu, as shown in Figure 2.65. 

If you want to show the dimension later, 
you can do so by selecting View: Hide/Show: 
Annotations from the main menu. Any hidden 
dimensions will show up light, as shown in 
Figure 2.66, and clicking on them will change 
them back to visible dimensions. Similarly, 
clicking on visible dimensions will hide them. 
This is a good method for hiding several dimensions at 
once. When finished, select Hide/Show Annotations again 
or press the Esc key to return to the normal editing mode. 

A pictorial view such as a trimetric view can often be help¬ 
ful in interpreting a 2-D drawing. 


FIGURE 2.67 



Select the Model View Tool from the View Layout group 
of the CommandManager. The part can be selected by 
double-clicking the part name in the PropertyManager. 
In the PropertyManager, select the Trimetric View as the 
orientation of the new model view, and the Hidden Lines 
Removed (wireframe) mode as the display style, as 
shown in Figure 2.67. Move the cursor to the desired 
location of the new view, and click to place the view. 
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FIGURE 2.68 
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While not displaying the tangent edges for the 
other views results in cleaner and less cluttered 
views, the Trimetric View will look much better 
with the tangent edges displayed. 

Right-click on the Trimetric View, and select 
Tangent Edge: Tangent Edges with Font, as shown 

in Figure 2.68. 

Move the drawing views and notes around the 
sheet so that they can all be seen clearly. Add a 
note identifying the scale as 1:2. Select the .50- 
inch dimension of the bolt hole and in the 
Dimension text box of the PropertyManager, add 
“4X” before the diameter symbol, indicating that 
the dimension applies to four holes. Delete the 
centerlines from the Trimetric View. To see how the drawing will look when 
printed, select Print Preview from the File menu. 
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FIGURE 2.69 


Your drawing should appear similar to Figure 2.69. 
_ Save the drawing file. 
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Open the Flange part file and 
experiment with changing dimen¬ 
sions, and noticing the updating of 
the drawing. Similarly, change 
some drawing dimensions and 
observe the changes in the part. 
Close the drawing file without sav¬ 
ing any of the changes. 

A SOLIDWORKS drawing can be 
saved in several other formats in 
addition to the .SLDDRW file type. 
These include .dxf, a file standard 
developed by Autodesk for 
exchange with AutoCAD and other 
2-D CAD programs, and .jpg and 
.tif image files. A file type that is 
especially convenient for sharing is the Adobe .pdf format, which produces a high- 
quality image that can be viewed by anyone with the free Adobe Acrobat Reader. 
Later in the chapter, we will create an eDrawing, which is a useful format for col¬ 
laboration within groups working on a common project. 


Scale = 1:2 

All dimensions are inches and degrees 
Default tolerance for linear dimensions is ±.020 
Default tolerance for angular dimensions is ±2 
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Creating a Drawing Sheet Format 

Most engineering drawings include a title block and a border. The title block can 
include a large amount of information. In addition to basic data, such as the name 
of the part, the part number, the scale, the date created, etc., many companies 
require the names or initials of reviewers who must approve the drawing before it 
is released to users. Some require a revision history that tracks changes made to the 
drawing. Others require the listing of information about where the part described 
on the drawing is used in assemblies. 


The SOLID WORKS program includes several default title blocks and borders, 
called sheet formats. These sheet formats can be edited to fit the particular needs 
of a company. The sheet formats are different for every standard paper size. In this 
section, we will create a simple sheet format for an A-size drawing. Our format 
will include some basic information without taking up much room on the sheet. 
Rather than modifying an existing title block, we will build ours from scratch. 


FIGURE 2.70 


Open a new drawing. Choose A- 
Landscape as the paper size; 
leave the “Display sheet for¬ 
mat” box unchecked, as shown 
in Figure 2.70. Check the X in 
the PropertyManager to close 
the Model View command, as 
shown in Figure 2.71. 

Note that you can prevent the 
Model View command from 
starting automatically by clear¬ 
ing the check mark from the 
box labeled “Start command 
when creating new drawing” in 
the PropertyManager. However, 
since we will usually be creating 
a drawing from an existing part, we will 
allow the command to continue to start 
automatically. 



FIGURE 2.71 


FIGURE 2.72 
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Right-click in the drawing space. Select 
Edit Sheet Format, as shown in Figure 
2.72. 

In a drawing, you can toggle between edit¬ 
ing the drawing itself and editing the sheet 
format, which contains the title block and 
border. 


Model View 



Select a part or assembly from which 
to create the view, then click Next. 
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FIGURE 2.73 _ 
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Select the Comer Rectangle Tool 
from the Sketch group of the 
CommandManager. Drag out a rec¬ 
tangle that fills most of the page, 
as shown in Figure 2.73. 

Right-click on the menu bar or the 
CommandManager, and select Line 
Format from the list of available 
toolbars, as shown in Figure 2.74. 
Locate the Line Format Toolbar (by 
default, it will appear at the bot¬ 
tom left of the screen), and select 
Line Thickness, as shown in Figure 
2.75. With the rectangle still 
selected, choose a heavier line 
weight, as shown in Figure 2.76. 


If you choose a new line format 
with entities selected, as we just 
did, the new format applies only to the selected items. If you select a line format 
with no entities selected, then the new line format becomes the default for the enti¬ 
ties added subsequent to the selection. 



FIGURE 2.78 

O Point 


Click on the lower left corner of the rectangle to select it, as shown in Figure 

_ 2.77. In the PropertyManager, input its x and y coordinates as 0.375 inches 

© each, as shown in Figure 2.78. Click on the Fix icon. 
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Select the upper right corner of the rectangle. Set its coordinates to x = 
10.625 inches and y = 8.125 inches. Fix this point. 


FIGURE 2.79 
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Zoom in to the lower right portion 
of the sheet. Drag out a rectangle 
from the corner of the border. 
Select the Smart Dimension tool, 
and dimension the rectangle as 3.5 
inches by 1.4 inches, as shown in 
Figure 2.79. 
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Select the Line Tool, and add the horizontal and vertical lines shown in Figure 
2.80. Be sure that the endpoints snap to lines and not specific points (such as 
midpoints). 

Select the Smart Dimension Tool, and add the 1.1-inch and 1.4-inch dimensions 
shown. 

Select the Line Tool, and add the two horizontal lines shown in Figure 2.81. Use 
the Smart Dimensions Tool to add the .5-inch and .75-inch dimensions. 


FIGURE 2.80 
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FIGURE 2.81 
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Add the other two lines shown in Figure 2.82, 
and add the .75-inch and .25-inch dimensions. 
The drawing should now be fully defined. 

We will now hide the dimensions just added. 

From the main menu, select View: Hide/Show: 
Annotations, as shown in Figure 2.83. Click on 
each dimension, and it will turn gray, as 
shown in Figure 2.84. When all dimensions are 
selected, press the Esc key to hide them. 




FIGURE 2.84 
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Select the Note Tool from the Annotation group of the Command Manager. Click 
in any blank area to place the note, and set the font as desired and the size to 
10 point. (Recall that if you click on a sketch entity, the note will have a leader 
pointing to that entity. To prevent this from happening, create the note well away 
from any entity and then drag it to its final position.) Type in the text as shown 
in Figure 2.85, using the Enter key to move to a new line. Choose the Center tool 
to center the text within the box. Click outside of the text box, and press the Esc 
key to end the Note command (if you do not press the Esc key, then you can click 
in different areas of the drawing to place the same note in multiple locations). 
Click and drag the note to the position shown in Figure 2.86. 

Note that it is sometimes difficult to move a text entity to the position desired 
because of auto-aligning features. To have more precise control when locating a 
note, press and hold the Alt key while moving the text. This temporarily suspends 
the auto-aligning. 


FIGURE 2.85 



FIGURE 2.86 


Dimensions are 
inches and degrees 


Add the rest of the text shown in Figure 2.87, adding your school/company name 
and your name to the title block. Use the font sizes shown in Figure 2.87. When 
opening a new note, select the font size before typing in the text. Font sizes can be 
easily changed by double-clicking each note and selecting a new font size. 


FIGURE 2.87 
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We will now add the scale value to the drawing, linking it to the drawing sheet’s 
scale. 


Open a new note. In the PropertyManager, select the Link to Property icon, as 
shown in Figure 2.88. From the pull-down menu in the dialog box, select SW-Sheet 
Scale, as shown in Figure 2.89, and click OK. 


FIGURE 2.88 
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The sheet’s scale will now be added to the note. If the scale of the drawing is 
changed, the title block will update automatically. 


Click outside the text box, and press the Esc key to end the Note command. Move 
the scale note into the correct location in the title block, as shown in Figure 2.90. 
Right-click in the drawing area and select Edit Sheet, as shown in Figure 2.91. 


FIGURE 2.90 
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The title block and border are now in the background, and cannot be edited without 
toggling back to Edit Sheet Format. 


From the main menu, select File: Save Sheet Format, as shown in Figure 2.92. 
Give the sheet a unique name and save it to the default directory, as shown in 
Figure 2.93. Close the drawing. Select Don’t Save when asked if you want to save 
the drawing file. 


FIGURE 2.92 
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FIGURE 2.93 



The drawing sheet format just created can be selected when beginning a new draw¬ 
ing, and can be applied to existing drawings. We will now apply the format to the 
flange drawing. 


FIGURE 2.94 



Open the flange drawing created earlier. Right- 
click in the drawing space (away from any 
drawing view) and select Properties. (You may 
need to click on the arrow at the bottom of 
the menu to have Properties appear. If so, you 
can make Properties always appear by select¬ 
ing Customize Menu at the bottom of the 
menu and checking the box beside Properties.) 
In the Sheet Properties box, check Standard 
sheet size and uncheck the box labeled “Only 
show standard format.” Select the sheet for¬ 
mat just created from the pull-down list, as 
shown in Figure 2.94. Check the box labeled 
“Display sheet format” and click Apply 
Changes. 
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Move the drawing views as necessary. Delete the notes defining the scale, units, 
and tolerances, as these values are now covered in the title block. Add 
notes showing the drawing title and the date. The finished drawing is shown in 
Figure 2.95. Save the drawing for use in the eDrawings tutorial that follows. 


FIGURE 2.95 



2.3 Creating an eDrawing 

One disadvantage of using drawings that are fully associative with part files is 
that in order to share the file with other users, they must have access to both the 
drawing file and the associated part file. One option for sharing drawings without 
transferring the part file is to create a detached drawing. When you open a detached 
drawing, it is not necessary to have the model file loaded. In addition to viewing and 
printing the drawing, annotations can be added to the drawing. When the model is 
required, for example if you attempt to edit a dimension imported from the model, 
then you are prompted to load the model from which the drawing was created. To 
save a drawing as a detached drawing, choose File: Save As from the main menu and 
select a file type as “Detached Drawing.” 

Another option for sharing drawings with others, including those who do not have 
access to SOLIDWORKS software, is to create an eDrawing. The eDrawings 
Viewer can be downloaded for free, and the eDrawings Publisher also allows the 
creation of executable files that can be read on any computer. Even within organi¬ 
zations using SOLIDWORKS software, eDrawings can be used to share informa¬ 
tion. Markup tools allow users to make comments and corrections, and the small file 
sizes of eDrawings make exchange of data via e-mail more practical. 
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To save a SOLIDWORKS drawing as an eDrawing, simply select File: Save As 
from the main menu and select eDrawing (.edrw) as the file type or publish the 
eDrawing directly from the SOLIDWORKS environment, as we will demonstrate 
in the following instructions. The eDrawing file format is very efficient, and file 
sizes produced are small. 

The eDrawings file is smaller than most image files (.bmp, .tif, etc.) that could be 
used to electronically communicate a drawing, but as we will see, an eDrawing is 
more than a 2-D image. The viewer can rotate any of the drawing views in 3-D 
space. 


Open the flange drawing file that you saved in the previous section. Select File: 
Publish to eDrawings from the main menu, as shown in Figure 2.96. An eDrawing is 
created and the eDrawings Publisher is opened, as shown in Figure 2.97. 



Note: While the eDrawings program can 
be accessed easily from the File menu, it 
is a stand-alone program that can also be 
opened from the Start menu of your com¬ 
puter or from a desktop icon. 


FIGURE 2.97 
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By default, the eDrawing views are displayed in the shaded FIGURE 2.98 
mode. The display mode can easily be changed to show line 
drawings. 


From the Heads-Up View Toolbar, select the Wireframe mode 
from the Display Style options, as shown in Figure 2.98. 

The eDrawings Viewer allows drawings to be animated. The 
Play Tool automatically switches from one view to another. 

The Next Tool allows you to control the animation steps. FIGURE 2.99 

Choose the Animate icon and then click on the right arrow 
to change the view from one to another, including the sec¬ 
tion and detail views, as shown in Figure 2.99. 

When the Section View is active, select the Rotate Tool from 
the Heads-Up View Toolbar, as shown in Figure 2.100. (You 
may need to click on the drawing view in order to activate the Rotate Tool.) Click 
and drag to rotate the model view, as shown in Figure 2.101. 

Select the Reset Tool, as shown in Figure 2.102 to return to an overview of the 
drawing. 





An important feature of eDrawings is that comments can be added by FIGURE 2.103 
reviewers. To illustrate, we will add a comment for draft (taper to allow the 
part to be easily removed from a mold) to be added to the outer surface of 
the 2.75-inch-diameter boss. 

Select the Markup Tool, as shown in Figure 2.103. 



Select the Markup Options button, as shown in Figure 2.104. 


FIGURE 2.104 


In the box that appears, you can set preferences for your comments. 
Several reviewers can add comments to the same drawing, and each 
reviewer can have a unique color. 
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Enter a name for the reviewer, and select a color and font type/size, as shown in 

Figure 2.105. Click OK. 


FIGURE 2.105 




From the markup tools, select New Comment, 
as shown in Figure 2.106. Then select Labels 
and Text with leader, as shown in Figure 2.107. 
Click on the edge to be drafted in the Top View, 
as shown in Figure 2.108. Click the location 
where the notation will be placed, and in the 
pop-up box that appears, type in the text of 
the comment, as shown in Figure 2.109. Click 
the check mark to close the box. The comment 
as it appears on the drawing is shown in Figure 
2 . 110 . 


FIGURE 2.106 
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FIGURE 2.107 
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Comments are listed in the Markup box, as shown in Figure 2.111, 
allowing the person making the corrections to the drawing to see who 
made each comment. Clicking on each comment shows the date and 
time that the comment was made and allows you to add a description or 
to delete the comment. In this way, eDrawings allow efficient collabo¬ 
ration among different groups working on a project. 

Files can be e-mailed directly from the eDrawings Publisher. 

Select the Send Tool from the File menu, as shown in Figure 2.112. 

Two options are available, as shown in Figure 2.113. If the file is sent 
as an eDrawings file, then the recipient must have eDrawings or the free 
eDrawings viewer installed. If the drawing is sent as an HTML file, 
then the eDrawings viewer is installed automatically when the recipient 
opens the file. 


FIGURE 2.1 I I 
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Select Cancel to close the Send box. Select File: Save from the main menu, save 
the eDrawing as an .edrw file, and close the eDrawings Publisher. 
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PROBLEMS 


P2.1 Create a solid model of the part shown in Figure P2.1 . The dimensions shown are 
inches. Create a detailed 2-D drawing, with Front, Top, and Right views. 



P2.2 Create a SOLIDWORKS drawing of each of the parts from Problem PI .2, which are 
shown in Figure P2.2. Show Front, Right, and Top Views on each drawing. Let one 
grid space equal one inch. The cut on the bottom of part C and the hole in part D both 
go completely through the part. 


FIGURE P2.2 
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P2.3 Create a SOLIDWORKS drawing of the pulley created in Chapter 1. 

Include Front and Right Views in your drawing, as well as a section view. 
Show a detailed view of the keyway region. 



P2.4 Create an eDrawing of the pulley from Problem P2.3. 

P2.5 Create a SOLIDWORKS drawing of the plastic pipe tee described in 

Problem PI.5. Include Front and Right Views in your drawing, as well as a 
section view. 



P2.6 Create an eDrawing of the pipe tee from Problem P2.5. 
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P2.7 Create a SOLIDWORKS drawing of the brake rotor described in 
Problem PI.7. Include Front and Right Views in your drawing. 



P2.8 Create an eDrawing of the brake rotor from Problem P2.7. 

P2.9 Create a SOLIDWORKS drawing of the connecting rod described in 

Problem PI.IO. 



P2.10 Create an eDrawing of the connecting rod from Problem P2.9. 


P2.ll Problem PI. 11 describes a required modification to the connecting rod of 
Problem PI.IO. Using the eDrawing Markup Tool, add a markup to the 
eDrawing of Problem P2.I0 indicating to the designer that the weight 
reduction modification is necessary and recommending the area for weight 
removal. 





CHAPTER 3 

Additional Part 
Modeling Techniques 



Introduction 


The flange and pulley parts modeled in Chapter 1 required the use of 
a number of basic solid modeling construction techniques. In this 
chapter, some additional construction and dimensioning techniques will be 
explored. The parts that will be modeled in this chapter are a wide-flange 
beam segment, shown in Figure 3.1, and a wall-mounted bracket, shown in 
Figure 3.2. 


FIGURE 3.1 FIGURE 3.2 



Chapter Objectives 

In this chapter, you will: 

■ use symmetry in part 
modeling, 

■ learn to create different 
configurations of a part, 

■ learn to use the Rib 
Tool, 

■ create a linear hole 
pattern, 

■ create an eDrawing of a 
part, and 

■ learn how to create an 
animation of a part. 


For each part, we will take advantage of the part’s symmetry. A plane of 
symmetry exists if the half of the part on one side of the plane is a mirror 
image of the other half of the part. When a part contains a plane of symme¬ 
try, aligning that plane with one of the pre-defined SOLIDWORKS planes 
(Front, Top, and Right) is good practice and makes many modeling and 
assembly operations easier. 
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3.1 Part Modeling Tutorial: Wide-Flange Beam Section 


Structural steel members are made in standard 
shapes that are defined by the American Institute of 
Steel Construction (AISC). Wide-flange beams are 
commonly used members in steel construction. A 
wide-flange beam consists of two horizontal flanges 
joined by a vertical web. As shown in Figure 3.3, 
four dimensions are used to define the shape of the 
cross-section: the overall depth d, the flange width 
b, the thickness of the flanges t f , and the thickness 
of the web t w . (The edges between the web and 
flanges are filleted, but the fillet radius is allowed to 
vary somewhat and is not considered to be a stan¬ 
dard dimension.) 



The dimensions of three wide-flange beam shapes are listed in Table 3.1. 


TABLE 3.1 Dimensions of Some Wide-Flange Beam Shapes 


Designation 

Depth 
d, in 

Flange Width 
b, in 

Flange Thickness 
tf, in 

Web Thickness 
t w , in 

Area, 

in 2 

WI2 x 65 

12.12 

12.000 

0.605 

0.390 

19.1 

WIO x 45 

10.10 

8.020 

0.620 

0.350 

13.3 

W8 x 31 

8.00 

7.995 

0.435 

0.285 

9.13 


We will model a one-foot-long section of a W8 X 31 beam. The designation 
W8 x 31 means that the depth of the beam is approximately 8 inches and the beam 
weighs about 31 pounds per foot. 

As we begin to model the beam section, 
we note that it is symmetric about three 
planes. We will create our model so that 
the three planes of symmetry coincide 
with the Front, Top, and Right planes of 
the model, as shown in the Front and 
Right Views of Figure 3.4. 


FIGURE 3.4 
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Open a new part. In the Feature Manager, click on the Front Plane 
to select it as the initial sketch plane. From the Sketch group of 
the CommandManager, select the Corner Rectangle Tool, as 
shown in Figure 3.5. Sketch two rectangles, one above the origin 
and one below, as shown in Figure 3.6. 

Select the Line Tool, and draw two vertical lines connecting the 
two rectangles, as shown in Figure 3.7. Make sure to snap the 
endpoints to the edges of the rectangles and not to any particu¬ 
lar points (corners or midpoints). Select the Centerline Tool, as 
shown in Figure 3.8, and draw vertical and horizontal centerlines 
from the origin, as shown in Figure 3.9. 


FIGURE 3.5 
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FIGURE 3.6 


FIGURE 3.7 


FIGURE 3.8 




Notice that our sketch consists of three closed regions. For the pulley 
of Chapter 1, we saw that we can use a multiple-region sketch to create 
a 3-D shape by selecting the regions (contours) to be extruded or 
revolved. We will take a different approach here by trimming away the 
portions of the sketch not needed. 


Select the Trim Entities Tool, as 
shown in Figure 3.10. In the 
Property Manager, select Trim to 
closest, as shown in Figure 3.11. 
Move the cursor over the portion 
of the top line of the lower rec¬ 
tangle that lies between the two 


FIGURE 3.10 
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FIGURE 3.12 



FIGURE 3.13 
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vertical lines, as shown in Figure 3.12. Click to trim away this 
portion of the line, as shown in Figure 3.13. Note that a 
collinear relation is automatically created between the 
remaining portions of the line. Repeat for the lower line of 
the upper rectangle. If the centerline passes through the sec¬ 
tion of the line to be trimmed, then it is necessary to trim 
away the sections of the line on either side of the centerline 
in two steps, as shown in Figures 3.14 and 3.15. Press the Esc 
key to turn off the Trim Entities Tool. 


FIGURE 3.14 



FIGURE 3.15 


We are now ready to define the geometry of the 
beam section using dimensions and relations. We 
want to use only the four dimensions shown in Table 
3.1, and use relations to achieve a fully defined 
sketch. To begin, we will center the section about the 
origin using symmetric relations. 


Click on the top horizontal line of the sketch to 
select it. While holding down the Ctrl key to allow 
multiple selections, click on the bottom horizontal line and the horizontal center- 
line, as shown in Figure 3.16. Click the Make Symmetric icon in the context toolbar, 
as shown in Figure 3.16, or the Symmetric icon in PropertyManager. Select the two 
vertical lines representing the web of the beam and the vertical centerline, as shown 
in Figure 3.17, and add a symmetric relation. 
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Select the Smart Dimension Tool, and add the four dimensions 
from Table 3.1, as shown in Figure 3.18. Click the Esc key to 
turn off the tool. 

There is an almost limitless number of ways to add relations that 
will fully define the sketch, utilizing equal, symmetric, and/or 
collinear relations. The method presented here is probably the 
simplest, in that only two additional relations are required. 

Select the four horizontal lines shown in Figure 3.19 and add 
an equal relation. 



The result of this relation is shown in Figure 3.20. Note 
that the entire sketch is now symmetric about the vertical 
centerline. To determine what other relations are needed, 
it is helpful to see which entities are still blue, indicating 
that they are under defined. Another way to determine 
which entities are not fully defined is to click and drag a 
corner point. If the point does not move, then its position 
is defined. If the point does move, then the allowable 
movement is an indication of the relation needed to fully 
define the sketch. For example, if you click and drag the 
corner point shown in Figure 3.21, you will see that up- 
down movement of the point is allowed, indicating that 
the thickness of the bottom flange is not defined. You will 
also see that the right portion of the bottom flange moves 
along with the left portion as a result of the collinear rela¬ 
tion that was applied automatically during the earlier trim 
operation. Finally, you will notice that left-to-right move¬ 
ment of the point is not possible, indicating that the 
point’s position in that direction (its X-coordinate shown 
in the PropertyManager) is fixed. By moving this point, it 
is easy to conclude that a relation is needed to define the 
thickness of the bottom flange. 

Select the two lines shown in Figure 3.22, and add an 
equal relation. 




FIGURE 3.21 FIGURE 3.22 
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FIGURE 3.23 



The sketch is now fully defined. Note that we could add the fillets to the sketch, using 
the Sketch Fillet Tool. However, doing so would change the lengths of the edges that 
join at the fillets, causing the equal relations applied to those lines to be temporarily 
lost. Also, our methodology is to keep sketches as simple as possible, since most 
errors occur in sketches. Therefore, we will add the fillets as a separate feature rather 
than defining them within the sketch. 


Select the Extruded Boss/Base Tool from the Features group 
of the Command Manager. Set the type of Extrusion to Mid 
Plane and the depth to 12 inches, as shown in Figure 3.23. 
Click the check mark to create the extrusion, which is shown 

in Figure 3.24. 


Note that when a Mid Plane extrusion is specified, the extru¬ 
sion depth is the total depth, not the depth in one direction. 





Select the Fillet Tool. Set 
the fillet radius to 0.375 
inches, and select the four 
edges to be filleted. Note that the hidden 
edges can be selected “through” the part, as 
shown in Figure 3.25. Be careful to click on the 
correct edges. Click the check mark to apply 
the fillets, as shown in Figure 3.26. 

The area of the cross-section can be found using 
the Section Properties Tool. 


FIGURE 3.27 FIGURE 3.28 



Click on the front surface of the 
part to select it, as shown in Figure 
3.27. From the main menu, select 
Tools: Evaluate: Section Properties, 
as shown in Figure 3.28. 

The results are shown in Figure 
3.29. Note that the area of the sec¬ 
tion, 9.11 in 2 , is slightly different 
from the 9.13 in 2 shown in Table 
3.1. This slight difference is not 
unexpected, since the fillet radius 
that we selected may be different 
from the one used for the tabulated 
values. Other properties that are 
calculated include the location of 


FIGURE 3.29 
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the centroid (the geometric center) of the section and the moments of 
inertia of the section about different axes. These moments of inertia are 
important for structural analysis and are measures of a beam’s bending 
stiffness. Note that the default display of decimal places for these 
mass/section property calculations can be set under the Units entry on the 
Document Properties options tab. 

We will now specify the part’s material and check its weight. 


FIGURE 3.30 
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Close the Section Properties window. Right- 
click on Material in the FeatureManager and 
select Edit Material, as shown in Figure 3.30. 

Locate ASTM A36 Steel in the list of steel 
materials and click to select it, as shown in 
Figure 3.31. Click Apply and Close. From the 
main menu, select Tools: Evaluate: Mass 
Properties, as shown in Figure 3.32. 

As shown in Figure 3.33, the weight is con¬ 
firmed as 31 pounds for this one-foot-long beam section. 

Close the Mass Properties window, and save the part with the name 
“W8 X 31 Beam Section.” 

Because we used only the four dimensions of Table 3.1 to define the 
sketch of the section, it is easy to change this beam model into one of 
another standard shape. For example, we will create a model of a 
W10 X 45 section by modifying our W8 X 31 model. 


FIGURE 3.31 
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Double-click Boss-Extrudel in the FeatureManager, and its dimen¬ 
sions will be displayed, as shown in Figure 3.34. Drag the dimen¬ 
sions around the screen for better visibility, if desired. Double-click 
each dimension and change its value to that shown in Table 3.1 for 
the WIO X 45 shape, as shown in Figure 3.35. Click the Rebuild Tool, 
as shown in Figure 3.36. 


FIGURE 3.33 
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FIGURE 3.34 


FIGURE 3.35 


FIGURE 3.36 
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The new part is shown in Figure 3.37. If you check its mass 
properties, you will find that its weight is slightly less than 
45 pounds (44.81 pounds). If the fillet radius is increased to 
0.50 inches, then the weight is slightly more than 45 pounds 
(45.13 pounds). 


FIGURE 3.37 


Save the modified part with the name “WIO X 45 Beam 
Section.” 


Using this technique, you can make a family of beam sections, 
each as a separate file with a unique name. Another approach is to use different con¬ 
figurations wit hin a single file. The following steps will show you how to make a 
single file with two beam sections as configurations. 



FIGURE 3.38 
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Choose File: Save As from the main menu. Save 
the file with the name “Beam Segments.” Select 
the Configuration Manager, as shown in Figure 
3.38. Right-click the Default configuration, and 
select Properties, as shown in Figure 3.39. As the 
configuration name, enter WIO X 45, as shown 
in Figure 3.40. Click the check mark. 


FIGURE 3.39 
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Right-click on Beam Segments 
Configuration(s) and select Add 
Configuration, as shown in Figure 
3.41. Enter the name W8 X 31 for 
the new configuration and click the 
check mark. 

There are now two configurations, 
but they are identical. The last config¬ 
uration created, the W8 X 31, is now 
the selected configuration, and we 
can now edit this configuration. 


FIGURE 3.40 


FIGURE 3.41 
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Click the FeatureManager icon, as shown in Figure 
3.42. Right-click on Annotations and select Show 
Feature Dimensions, as shown in Figure 3.43. Right- 
click on the 8.020-inch flange width. From the 
menu that appears, select Configure Dimension, as 
shown in Figure 3.44. The Modify Configurations 
Dialog Box will appear. Change the dimension asso¬ 
ciated with the W8 X 31 configuration to 7.995 
inches, as shown in Figure 3.45, and click OK. 
Repeat for each of the other cross-sectional dimen¬ 
sions, changing the dimensions associated with the 
W8 X 31 to the values shown in Figure 3.34. 

Now that there are two distinct configurations 
defined, you can switch from one to the other 
through the Configuration Manager. 

Switch to the Configuration Manager. Double-click 
the WIO X 45 configuration and notice that the 
dimensions will change to those of the selected 
configuration, as shown in Figure 3.46. 

Add a third configuration to define the WI2 X 65 
section detailed in Table 3.1. Save the file. 


FIGURE 3.42 
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In this example, we created the configurations man¬ 
ually. In Chapter 5, we will use a spreadsheet to 
define several different configurations of a cap 
screw. 


FIGURE 3.45 



FIGURE 3.46 
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3.2 Part Modeling Tutorial: Bracket 

We will now model the bracket shown in Figure 3.2. This part has a single plane of 
symmetry, which we will align with the Right Plane. 

Open a new part file. Click on the Front Plane in the FeatureManager to select it. 
From the Sketch group of the CommandManager, select the Center Rectangle Tool. 


Drag out a rectangle centered at the origin. 

Click on the Smart Dimension Tool, and dimension a horizontal side of the 
rectangle to 6 inches and a vertical side to 4 inches, as shown in Figure 3.47. 



The rectangle is now both 
dimensioned and located, so 
the sketch is fully defined. By 
centering the rectangle at the 
origin, we will be placing the 
Right Plane so that it will be a 
plane of symmetry of the part. 

Click on the Features tab and 
then the Extruded Boss/Base 
Tool. In the PropertyManager, 
enter 0.25 inches as the 
thickness, and click the check 
mark. 


The horizontal boss of the bracket will now be constructed. The feature will be 
sketched in a plane 1.25 inches below the top surface of the base part. To accom¬ 
plish this, we will first need to create the reference plane to be used for sketching. 

Select the top surface of the base part, as shown in Figure 3.48. 
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FIGURE 3.48 
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Be sure that the face is selected (a square symbol will appear next to the 
cursor prior to selection). 

From the Features group of the CommandManager, select Reference 
Geometry: Plane, as shown in Figure 3.49. In the PropertyManager, 
click the Flip offset box to reverse the direction, so that the new 
plane will be below the top surface, as shown in the preview, and set 
the distance to 1.25 inches, as shown in Figure 3.50. Click the check 
mark to create the plane, which will be named Plane I. 

Note that the boundaries of the plane are similar in size and shape to 
those of the top surface. Of course, a plane extends infinitely, so these 
boundaries can be adjusted for better visibility. 

Click and drag the move handles on Plane I to change the plane’s vis¬ 
ible boundaries as desired, as shown in Figure 3.51. 


FIGURE 3.49 



is ia 

Reference 

Curvcs lnstant3D 

Geometry 


- 

- 


§ Plane 
/ Axis 

)-*■ Coordinate System 
® Point 

^ Center of Mass 
*| Mate Reference 


The boss feature will now be sketched in this new plane. The symmetry 
of the boss about the Right Plane will be exploited in the creation of the 
sketch. 


FIGURE 3.51 



FIGURE 3.50 
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Switch to the Top View. Use the Zoom and Pan Tools if necessary to place the part 
toward the top of the screen, as shown in Figure 3.52. 


FIGURE 3.52 
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We will use mirroring to assist in construction of the symmetric sketch. This will 
require that we draw a centerline first. 


FIGURE 3.53 
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If Plane I is not selected (high¬ 
lighted), then click on Plane I in 
the FeatureManager to select it. 
Click the Sketch tab of the 
CommandManager to display the 
Sketch tools. Select Centerline from 
the pull-down menu associated 
with the Line Tool. Drag a center- 
line from the origin downward, as 
shown in Figure 3.53. As you drag 
the line downward, a vertical rela¬ 
tion symbol by the cursor shows 
that the line will be vertical. Hit 
the Esc key to turn off the 
Centerline Tool. 
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Select the Line Tool from the Sketch group 
of the CommandManager. Move the cursor 
near the lower edge of the solid rectangle, 
as shown in Figure 3.54. 

A coincident relation symbol will appear 
next to the cursor, indicating that you are 


Click and hold, while dragging a line down¬ 
ward and at an angle, as shown in Figure 
3.55. 

Select the Tangent Arc Tool from the pull¬ 
down menu of arc tools, as shown in 
Figure 3.56. Move the cursor to the end of 
the line, snapping the start of the arc to 
this endpoint. Hold down the left mouse 
button and drag out an arc, with the end¬ 
point of the arc snapped to the centerline, 
as shown in Figure 3.57. Press the Esc key 
to turn off the Tangent Arc Tool. 

The arc that you drew will remain tangent 
to the first line, no matter how the dimen¬ 
sions of the sketch are changed. 

We will now exploit the symmetry of the bracket, and construct a mirror image of 
our sketch about the centerline. 


snapping to the edge of the solid. 



FIGURE 3.54 
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With the Ctrl key depressed (to allow for multiple selections), click 
to select the centerline, the solid line, and the tangent arc, as shown 
in Figure 3.58. Select Mirror Entities from the CommandManager, as 
shown in Figure 3.59. A symmetric sketch will be created about the 
selected centerline, as shown in Figure 3.60. 



While this sketch does exhibit the required symmetry, it does not capture our design 
intent. We need to add an additional relation between the two tangent arcs. 

Select the two arcs, and apply a Concentric relation from the context menu or 
from the PropertyManager, as shown in Figure 3.61. Note: There may be only a 
single arc in your sketch. If you happened to drag out the first tangent arc so that 
its center lies on the centerline, then when you used the Mirror Entities Tool, the 
mirrored arc and the original arc were concentric and automatically combined 
into a single arc. If this is the case, you can proceed to the next step. 

The two arcs are now tangent to each other, as shown in Figure 3.62. Note that we 
could have specified a tangent relation instead of the concentric relation, but there are 
two possible solutions to the tangent relation. To ensure that the geometry is the way 
we want it, the concentric relation provides only one solution. 




Relation 
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Select the Line Tool, and finish the sketch with a horizontal line connecting the two 
free ends of the sketch, as shown in Figure 3.63. Select the Smart Dimension Tool, and 
dimension the sketch as shown in Figure 3.64. Add the 0.75-inch radius first. 


FIGURE 3.63 
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Add Line Here 

Note that the 6.00-inch dimension is to the center of the arcs. 

Click on the Features tab of the CommandManager. Select 
the Extruded Boss/Base Tool. Click the Reverse Direction 
icon in the PropertyManager, as shown in Figure 3.65, and 
extrude the part downward 0.25 inches. Change to the 
Trimetric View to preview the extrusion, and click the check 
mark to complete the operation. 

The bracket should appear as shown in Figure 3.66. Planel 
can be hidden by right-clicking on it in the FeatureManager 
and selecting Hide, or by turning off the display of all planes 
with the Hide/Show Items Tool of the Heads-Up View Toolbar. 


Now we will add a raised cylindrical feature for reinforcement near what will 
become a mounting hole. 

Select the top surface of the horizontal extruded boss, as shown in Figure 
3.67. Select the Normal To View. 


FIGURE 3.67 



FIGURE 3.65 






FIGURE 3.66 
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We want to locate the raised area concentric with the rounded tip of the boss. In 
order to establish this relation, we will first need to “wake up” the arc that makes 
up this rounded tip, allowing the center point to be used as a snap point in our 
sketch. 


FIGURE 3.68 



Click the Sketch tab of the CommandManager. Select the Circle Tool. 
Without clicking, drag the cursor until it touches the arc, as shown 

in Figure 3.68. 

The center point of the arc now appears, and it can be used as a snap 
point for the center of the circle. 




Drag out a circle, starting at the center mark. Select the Smart 
Dimension Tool, and dimension the circle to be I inch in diameter, 
as shown in Figure 3.69. 

Select the Extruded Boss/Base Tool from the Features group of the 
CommandManager. Extrude the sketch upward for a distance of 
0.050 inches, as shown in Figure 3.70. 

A reinforcing rib will now be added to the part. 

Select the Right Plane from the FeatureManager, and select the 
Right View. Select the Line Tool from the Sketch group of the 
CommandManager, and sketch the line shown in Figure 3.71. The 
endpoints of your line should snap to the edges of the solids, but 
not to any specific point on the edges. Recall that a coincident rela¬ 
tion symbol next to the cursor indicates that you are snapping to 
the edge. 

Add one horizontal and one vertical line coincident with the edges 
of the solid (snap to the endpoints of the first line and the inter¬ 
section point of the edges), completing the profile of the rib, as 
shown in Figure 3.72. 


FIGURE 3.71 


FIGURE 3.72 
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Select the Smart Dimension Tool, and dimension 
the sketch as shown in Figure 3.73. 

Select the Extruded Boss/Base Tool from the 
Features group of the CommandManager. In the 
PropertyManager, select Mid Plane as the type 
from the pull-down menu, and enter a thickness 
of 0.1875 inches, as shown in Figure 3.74. Click the 
check mark to complete the extrusion. 

A front view of the part shows 
that the rib is symmetric about the 
Right Plane, as shown in Figure 
3.75. 


The next rib will be added in a 
slightly different manner, using 
the Rib Tool. But first, we must 
create a new plane for the rib. So 
far, we have used the Plane Tool 
from the Reference Geometry 
Tool of the CommandManager. 
Here, we will use a drag-and- 
drop technique that is similar 
to that used in other Windows 
applications. 


FIGURE 3.74 
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FIGURE 3.75 
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Select the Trimetric View. Click on the Right Plane in the FeatureManager to select 
it. Hold down the Ctrl key, and move the cursor over one of the lines defining the 
plane until the move arrows appear, as shown in Figure 3.76. Click and drag the 
mouse to the right. When the mouse button is released, a new plane is created, as 
shown in Figure 3.77. In the PropertyManager, set the offset distance to I inch, as 
shown in Figure 3.78. Click the check mark to complete the definition of the new 
plane, which will be labeled Plane2. 


FIGURE 3.76 


FIGURE 3.77 




FIGURE 3.78 
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Switch to the Right View. With Plane2 selected, choose 
the Line Tool from the Sketch group of the 
CommandManager. Draw a diagonal line as shown in 
Figure 3.79, snapping the endpoints to the edges of the 
solids (but not to any specific points). Add the two 
dimensions shown. Do not add additional lines to close 
the sketch contour. 

For the first rib, we added two lines to close the sketch and 
used an Extruded Boss command to complete the rib. A 
rib can be created from an open sketch using the Rib Tool. 


Select the Rib Tool from the Features group of the CommandManager, as shown 
in Figure 3.80. In the FeatureManager, set the thickness to Both Sides and 0.100 
inches, as shown in Figure 3.81. 



The thickness can be set to be offset from the plane in either 
direction, or so that the rib is symmetric about the plane 
(similar to the Mid-Plane Extrusion used for the first rib). 
By default, the middle of the three buttons, designating a rib 
symmetric about the plane, is selected. For the extrusion 
direction, the rib can be defined as parallel to the plane of 
the sketch (default) or normal to the plane. Neither of these 
settings needs to be changed for our rib. 


Check the “Flip material side” box, as shown in Figure 3.81, so that the arrow 
defining the rib direction points toward the part, as shown in Figure 3.82. Click 
the check mark to complete the rib, which is shown in Figure 3.83. Hide Plane2. 


FIGURE 3.81 
S Ribl © 

✓ X 'f 


Earlier, we used the Mirror Entities Tool to create symmetric elements 
within a sketch. A similar tool in the Features group of the 
CommandManager, called the Mirror Tool, is used to create symmetric 
features in a part. We will use this tool to create the final rib. 
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Click on the Features Tab of the CommandManager. Select the Mirror Tool, as 
shown in Figure 3.84. In the PropertyManager, the Mirror Face/Plane box is active 
(highlighted). 


FIGURE 3.84 
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Mirror 

Mirrors features, faces, and bodies 
about a face or a plane. 


Click on the Right Plane in the FeatureManager, which has “flown out” to the 
right of the PropertyManager, as shown in Figure 3.85. It may be necessary to click 
on the arrow next to the part name to expand the FeatureManager before selec¬ 
tion. The rib just created should be listed as the feature to mirror. If it is not, 
click that box to make it active and select the rib from the FeatureManager. 

Click the check mark to complete the rib. 

The three ribs are shown in Figure 3.86. 

The holes will now be added to the part. 


FIGURE 3.85 


5 j Sketch [ 


$ H fiS 


Mirror 


Mirror Face/Plane 


(g Right Plane 


Features to Mirror 

© aa 


Faces to M 

© P 


Parti (Default<<Def... 
► ©History 
] Sensors 



FIGURE 3.86 
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Select the top surface of the raised circle, FIGURE 3.87 
as shown in Figure 3.87. Select the Circle 
Tool from the Sketch group of the 
CommandManager. Select the Top View. 

As before, it is necessary to “wake up” a 
center mark at which the hole will be 
centered. 


Move the cursor to the edge of the 
rounded end of the part, or the circular 
edge of the reinforced area, without 
clicking a mouse button. This will cause the center mark to be displayed, as shown 

in Figure 3.88. 



Click and drag out a circle from the center mark. Select the Smart Dimension Tool, 
and dimension the diameter of the circle as 0.50 inches, as shown in Figure 3.89. 


FIGURE 3.88 




Select the Extruded Cut Tool from the 
Features group of the CommandManager, and 
select Through All as the type. Click the check 
mark to complete the hole, which is shown in 

Figure 3.90. 

The four-hole bolt hole pattern used to mount 
the bracket to the wall will now be added. This 
will be done by creating a single hole, and then 
defining a pattern based on this hole. In 
Chapter 1, a circular pattern was used to cre¬ 
ate a bolt hole pattern in the flange. In this 
exercise, a new type of pattern known as a lin¬ 
ear pattern will be introduced. 



The first step will be the creation of a single bolt hole. 
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Select the large vertical face of the base 
part as shown in Figure 3.91 and select 
the Normal To View. Select the Circle 
Tool from the Sketch group of the 
CommandManager, and sketch a circle 
near the upper-left corner of the face. 
Select the Smart Dimension Tool and 
dimension the hole diameter as 0.375 
inches. 

Add linear dimensions between the 
circle and the edges, as shown in Figure 
3.92. 


FIGURE 3.91 



Select the Extruded Cut Tool from the 
Features group of the Command- 
Manager, and select Through All as the 
type. Click the check mark to complete 
the hole, which is shown in Figure 3.93. 

With this single hole defined, a linear 
hole pattern can now be created. 

With the new hole selected, select the 
Linear Pattern tool from the Features 
group of the CommandManager, as 
shown in Figure 3.94. 



FIGURE 3.93 



FIGURE 3.94 
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DESIG N I NTEN T) Symmetry in Modeling 


In this chapter, we used mirroring techniques for 
sketch entities and features to define symmetric 
elements in a part. The four mounting holes in the 
bracket, which were created with a linear pattern, 
could have been defined with mirror commands. 
The advantage of doing so would be that if we 
change the dimensions of the vertical portion of the 
bracket (6 inches by 4 inches), the hole positions 
would be updated to the correct positions. The same 
associativity between the hole locations and the 
size of the bracket can be added if a linear pattern 


is used, but will require the addition of equations, 
which will be explained in Chapter 5. 

Using symmetric elements in a part is good modeling 
practice. If a part contains planes of symmetry, plan 
your model to take advantage of those planes. In the 
bracket model, we centered the initial sketch about the 
origin. This placed the part so that the Right Plane 
coincided with the symmetry plane of the entire part, 
and the Top Plane coincided with an additional sym¬ 
metry plane of the vertical portion of the part. 


The feature Cut-Extrude2 (the hole just created) will be shown in the “Features to 
Pattern” box, indicating that this is the base feature for the linear pattern. The 
“Direction 1” box in the PropertyManager will be highlighted; this allows the first lin¬ 
ear direction of the pattern to be established. 

Click on the top horizontal edge of the rectangular base to establish the first 
direction, as shown in Figure 3.95. In the PropertyManager, set the Direction I dis¬ 
tance to 5 inches and the number of instances to 2, as shown in Figure 3.96. The 
Direction 2 box in the PropertyManager will be highlighted. 

Click on a vertical edge of the rectangular base to establish the second direction 
of the pattern, as shown in Figure 3.97. 


FIGURE 3.95 
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FIGURE 3.97 
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FIGURE 3.98 
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In the PropertyManager, set the Direction 2 distance to 
be 3 inches and the number of instances to be 2, as 
shown in Figure 3.98. 

If the preview of the patterned holes shows that the 
pattern is created in the wrong direction, click on the 
arrow at the end of the edge defining the pattern direc¬ 
tion, as shown in Figure 3.99. 

When the preview of the pattern appears correct, as 
shown in Figure 3.100, click the check mark to complete 
the pattern. 

The completed part is shown in Figure 3.101. 

From the FeatureManager, right-click Material and 
select Edit Material. Select ABS from the Plastics group, 
as shown in Figure 3.102. Click Apply, and then Close. 


FIGURE 3.99 



Save the part file. 


FIGURE 3.100 


FIGURE 3.101 
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3.3 Sharing and Displaying the Solid Model 


FIGURE 3.103 
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In Chapter 2, we created an eDrawing of a 2-D drawing. You can also create an 
eDrawing of a part. An eDrawing can be viewed by anyone who downloads the 
free eDrawing viewer. The small file sizes of eDrawings make them easy to 
share via e-mail. 

Open the bracket created in the last section. From the main menu, select File: 
Publish to eDrawings, as shown in Figure 3.103. 

The eDrawings program will open, and the bracket model will be displayed, as 
shown in Figure 3.104. Although the eDrawings model does not contain the his¬ 
tory of the steps that were used to create it, and cannot be edited, it does contain 
the geometric data sufficient to view the model from various angles and view a 
cross-section, and it also contains the mass properties data. 


Click the Animate button, and the Next button will appear. Click the Next button 
several times, as shown in Figure 3.105. 


FIGURE 3.104 


FIGURE 3.105 




FIGURE 3.106 
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The Model View will shift 
from the Default View from 
the SOLIDWORKS file 
(trimetric) to isometric, and 
then to each of the principal 
views. The Play button will 
automatically rotate the part 
HE95K9 through the various views 
until the Stop button is 
pressed. The Reset button 
returns the view to the default. You can zoom in and out with tools sim¬ 
ilar to those of SOLIDWORKS. 


FIGURE 3.107 



Select the Reset button, and then the Section Tool, as shown in Figure 
3.106. From the pop-up buttons that appear, choose the YZ Plane as 
the section plane. 


Note that you can click and drag the plane through the 
part, as shown in Figure 3.107. 

Click the Section Tool again to turn it off, and select 
the Properties Tool, as shown in Figure 3.108. 


FIGURE 3.108 
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The mass, volume, and surface area are displayed, as shown 
in Figure 3.109. Note that you can select different units and 
more decimal places if desired. 

Notice that there is a Measure Tool, but that tool may be 
inactive on your computer. We can change that option if 
necessary. 

Close the eDrawings program without saving the eDrawings 
file. In SOLIDWORKS, select File: Save As and change the file 
type to eDrawings (.eprt). Click the Options button, as 
shown in Figure 3.110. Click 


FIGURE 3.109 
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FIGURE 3.1 12 


the check box to allow 
measurements, as shown in 
Figure 3.11 I, and click OK. 

Click Cancel in the Save As 
window, and then select 
File: Publish to eDrawings. 

Click on the Measure Tool, as 
shown in Figure 3.1 12. Click on an edge, and the 
parameters of that edge (diameter or length) 
are displayed. If two entities are selected, then 
the dimensions between the two entities are 
displayed. Figure 3.113 shows two circular edges 

selected. The distance between the centers of _ 

the circles is displayed, along with the differ¬ 
ences in x, y, and z coordinates. When you click 
in the space around the part, the selections are cleared. Experiment 
with the Measure Tool, and then select Save and save the file to the 
desired location. 


Note that the file size is about the same as that of a small word¬ 
processing file. This makes the file ideal for sharing via e-mail. The Mail Tool in 
eDrawings allows the file to be sent in several other formats that include the 
eDrawings viewer. These formats are discussed in more detail in Chapter 2. 
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FIGURE 3.1 13 




Close eDrawings, and return to SOLIDWORKS. 


Often, you will want to display your solid model in a text document or in a pre¬ 
sentation. The easiest way to do this is with screen captures of the model. 


From the main menu, select View: Screen Capture: Image 
Capture, as shown in Figure 3.114. Open a Word document, 
and select Paste. 

The image is copied to the Windows clipboard and then 
pasted into the Word (or PowerPoint) document. While the 
Prnt Scrn key performs a similar function, an advantage of 
SOLIDWORKS Image Capture is that only the graphics area 
is captured. With the Prnt Scrn key, the entire screen is cap¬ 
tured and must be cropped if only the model is desired in the 
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The menu also includes a Record Video option, which records the screen as the 
model is rotated on the screen. However, we can create animations with the 
MotionManager, which gives us better control over the manipulation of the model. 

Select the Motion Study I tab at the 
bottom of the screen, as shown in 
Figure 3.115. (If the tab is not visible, 
right-click in the CommandManager and 
check MotionManager.) 

A timeline is displayed. We will set the view orientations of the model that we 
desire along the timeline, using keys. 

Select the Trimetric View. Zoom and pan the model as desired. Since the recorded 
video will not show the FeatureManager, placing the model slightly to the left of 
center in the graphics area will result in the model being centered left-to-right in 

the video. Right-click the diamond¬ 
shaped key beside Orientation and 
Camera Views, and select Replace 
Key, as shown in Figure 3.116. 
Move the cursor to the 2-second 
mark on the timeline, to the right 
of the Orientation and Camera 
Views entry. Right-click and select 
Place Key, as shown in Figure 
3.117. 



FIGURE 3.1 15 



FIGURE 3.1 17 
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The purpose of placing this second key is to display the model in the selected ori¬ 
entation for two seconds before beginning to rotate it. Since the ribs are best seen 
from the Bottom View, we will now rotate the model to that view. 

Select the Bottom View. Zoom and pan the model as desired, again placing it to 
slightly left of center in the graphics window. Move the cursor to the 4-second 
mark, and to the right of Orientation and Camera Views, right-click and select 
Place Key. Repeat for the 6-second mark. 
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The timeline will now show a line between the 
keys at 2 and 4 seconds, as shown in Figure 
3.118. This indicates that the views are different 
at these two points, and so the model will be 
rotated into the new view over this 2-second 
interval. 

Select the Right View and zoom and pan the model 
as desired. Place keys at 8 and 10 seconds. Select 
the Trimetric View, zoom and pan as desired, and 
place keys at 12 and 14 seconds. 


FIGURE 3.1 18 
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The finished timeline is shown in Figure 3.119. Note that individual keys can be 
deleted or replaced as necessary by right-clicking on that key. To start over, you 
can right-click a key, choose Select All, and press the Delete key. 

FIGURE 3.1 19 
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To play the animation, select Play from 
Start, as shown in Figure 3.120. 

We will now save the animation as a 
video file. First, we will minimize the 
MotionManager so that the aspect ratio of 
the graphics area is better for the finished 
video. 


FIGURE 3.120 
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FIGURE 3.121 
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Collapse the MotionManager by selecting the arrow at the right edge of the screen, 
as shown in Figure 3.121. If desired, re-size the part window to the desired aspect 
ratio. Select the Save Animation Tool, as shown in Figure 3.122. Select the file name 
and directory, and accept the 
default settings. At the Video 
Compression screen, choose the 
Microsoft Video I compressor and 
uncheck the Key Frames box, as 
shown in Figure 3.123. 


FIGURE 3.122 


FIGURE 3.123 


Save Animation 

Saves the animation as an AVI or 
other file type. 






The animation will run on the 
screen as the file is created. When 

the animation is completed, the saved video file can be viewed from a standard 
player. Videos can also be embedded into PowerPoint presentations. This allows a 
model to be displayed and rotated during the presentation without having to open and 
run SOLID WORKS on the presentation computer. 



Save and close the SOLIDWORKS file. 





















































Part One Learning SOLIDWORKS 


PROBLEMS 


P3.1 Modify the wide flange beam model created in Section 3.1 to create a one-foot 
segment of a W12 x 65 beam, using the dimensions from Table 3.1. 

P3.2 The cross-section of a W14 X 370 Wide-Flange Beam is shown in Figure P3.2A. 
Create a model of a 36-inch long segment of a W14 x 370 beam by creating the 
sketch shown in Figure P3.2B and mirroring it about the two centerlines. (Note: This 
must be done in two steps. Select the items to be mirrored and one of the centerlines, 
and then select the Mirror Entities Tool. Then select all entities to be mirrored and the 
other centerline and select the Mirror Entities Tool. Only one centerline can be 
selected for each mirror operation.) Extrude the sketch to yield the beam section 
shown in Figure P3.2C. Set the material type to Plain Carbon Steel and find the weight 
of the beam segment. 

(Answer: 1101 lb) 




FIGURE P3.2C 
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P3.3 Modify the wide-flange beam segment of Problem P3.2 by adding six 

1 -inch-diameter holes to each end of the beam, as shown in Figure P3.3A. 
The locations of the holes are shown in Figure P3.3B. Create a single hole, 
and use a linear pattern to place the other five holes in one end. Then use a 
mirror command to place the holes in the other end. 




P3.4 Create a part model of the plastic bracket shown in Figure P3.4A and 
detailed in Figure P3.4B. Use symmetry in your model so that if you 
change the width of the part from 2 to 3 inches, the rib and hole 
placements remain symmetric, as shown in Figure P3.4C. 




FIGURE P3.4B 
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P3.5 Create a model of the perforated board shown in Figure P3.5A by the following 
procedure: 

a. Begin with a 4-inch by 2-inch sketch, centered at the origin (Figure P3.5B). 

b. Extrude the sketch 0.1 inch. 

c. Create and locate a square thru-hole, as shown in Figure P3.5C. 

d. Use a linear pattern to create an evenly spaced 40 x 20 grid of holes. 


FIGURE P3.5A 


FIGURE P3.5B 
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P3.6 Create a solid model of a hacksaw blade (as shown in Figure P3.6A, with a 
close-up view of the teeth shown in Figure P3.6B), using a linear patterned 
cut to create the saw teeth. Follow the procedure outlined below. 

a. Begin by creating a sawblade “blank,” using the dimensions shown in 
Figure P3.6C and extruding the shape to a 0.02-inch depth. 

b. Sketch a single tooth profile, and extrude a cut through the blank (see 
Figure P3.6D). 

c. Create a linear pattern to copy the tooth profile the length of the 
sawblade. 


FIGURE P3.6A FIGURE P3.6B 



FIGURE P3.6C 
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FIGURE P3.6D 
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P3.7 Create a solid model of the muffin pan shown in Figure P3.7A and detailed in 

Figure P3.7B. The entire pan is 0.050 inches thick. Each of the 12 muffin wells is 
3 inches in diameter at the top, is 1.5 inches deep, and has tapered sides, as shown in 
Figure P3.7C. The entire top surface and the insides of the muffin wells are to be coated 
with a nonstick material. Find the surface area that will be coated. (Hint: The Mass 
Properties Tool gives you the surface area of the entire part, but to get the surface area 
for a single surface or a specific group of surfaces, select the surface(s), using the Ctrl 
key to select multiple items, and select Tools: Measure from the main menu.) 


FIGURE P3.7A 
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P3.8 Create a solid model of the gear rack shown in Figure P3.8A using the 

following procedure: 

a. Begin creating a “gear blank” by extruding a 0.75 x 0.75-inch cross 
section to an overall depth of 11.16 inches. 

b. At the left end of the gear blank, create the sketch shown in 
Figure P3.8B (dimensions in inches), and extrude a cut to begin 
the gear tooth definition. 

c. Add 0.005-inch fillets at the root of the tooth. 

d. Create a linear pattern of both the extruded cut and the fillets to create 
the final gear profile. The tooth-to-tooth spacing should be 0.215 
inches. 



P3.9 Many electronic devices use a heat sink to conduct heat away from a 

component that may be damaged by high temperatures. A simple heat sink 
often consists of a conductive metal part with fins. The fins provide a large 
amount of surface area to allow heat transfer to the air (often with a fan to 
circulate air over the fins). Figure P3.9A shows a copper heat sink; details 
are shown in Figure P3.9B. Model this part, and find the surface area of the 
part that will be exposed to the air (the bottom surface will be in contact 
with the electronic component; all other surfaces will be exposed to the 
air). All dimensions are mm. 


FIGURE P3.9A 


FIGURE P3.9B 
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CHAPTER 4 

Advanced Part Modeling 



Introduction 


The parts that we have made so far have been made primarily with 
extruded and revolved bases, bosses, and cuts. In this chapter, we will 
introduce several other tools for creating and modifying parts, including 
the Loft, Shell, and Sweep Tools. 


4.1 A Lofted and Shelled Part 

In this exercise, we will construct the business card holder shown in 
Figure 4.1 . Note that the top of the part is rounded, while the bottom of 
the part is rectangular. These dissimilar shapes will be joined into a 
solid with the Loft Tool. Also, notice that the part is not solid, but rather 
is hollow underneath, as the view in Figure 4.2 shows. The Shell Tool 
allows this type of construction to be easily modeled. 


FIGURE 4.1 



FIGURE 4.2 


Chapter Objectives 

In this chapter, you will: 

■ create a lofted feature 
from multiple sketches, 

■ use the Shell Tool to 
create athin-wall part, 

■ learn how to change 
the order in which 
features are created 
and modified, 

■ create raised letters on 
a part, 

■ learn how to create a 
3-D sketch, and 

■ create a feature by 
sweeping a cross-section 
around a planar or 

3-D path. 
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Open a new part. Select the Top Plane. Select the Center Rectangle Tool from 
the Sketch group of the CommandManager. Drag out a rectangle, centered at the 
origin. 


FIGURE 4.3 
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Select the Smart Dimension Tool, and dimension the 
rectangle to be 5.50 inches by 2.00 inches. The resulting 
sketch is shown in Figure 4.3. 

In previous tutorials, upon completing a sketch we have 
then used a Features tool to convert the sketch into a 3-D 
object. However, a lofted feature requires at least two 
sketches. Therefore, we will close this sketch and begin 
the second sketch. 


FIGURE 4.4 





Close the sketch by clicking on the icon indicated in Figure 4.4, in the upper-right 
corner of the screen. 

You can also close a sketch by choosing Exit Sketch from the Sketch group of the 
CommandManager. 

The second sketch, which will define the top of the part, will be created in a new 
plane. 


FIGURE 4.5 
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Select the Top Plane from the FeatureManager. Click on the 
Features group of the CommandManager. Click on the 
Reference Geometry Tool, and choose Plane from the options 
listed, as shown in Figure 4.5. In the PropertyManager, set the 
offset distance as I inch. 

Make sure that the new plane is above the Top Plane, as 
shown in Figure 4.6 (check the Flip box to change the direc¬ 
tion, if necessary), and click the check mark to create the new 
plane. 

FIGURE 4.6 
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FIGURE 4.7 
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With the new plane selected (Plane I), 
select the Centerpoint Straight Slot Tool 
from the Sketch group of the Command- 
Manager, as shown in Figure 4.7. In the 
PropertyManager, check the box labeled 
“Add dimensions,” as shown in Figure 4.8. 

Switch to the Top View. Click on the ori- FtatlJr “ - Skrt — 

gin, and then drag the cursor to the right, , ^ 

as shown in Figure 4.9. Click to define the ^ 
endpoint of the centerline of the slot 
geometry, and then drag the the cursor 
upwards, as shown in Figure 4.10. Make 
sure that you do not drag the cursor onto the con¬ 
struction line of the first sketch; doing so will create 
an unwanted relation. Click to complete the slot, and 
dimensions will be added automatically. Press Esc to 
end the Slot Command. Double-click each dimension 
and set its value as shown in Figure 4.11. Close the 
sketch. Hide Plane I by right-clicking its name in the 
FeatureManager and selecting Hide. 

Both of the sketches required for the lofted feature are 
now in place. 


FIGURE 4.8 
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FIGURE 4.9 


1 st Click 2 nd Click 



Click on the Features tab of the CommandManager. Select the Lofted Boss/Base 
Tool, as shown in Figure 4.12. Now click on each of the two sketches, near corre¬ 
sponding corners, as shown in Figure 4.13. 


FIGURE 4.10 
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FIGURE 4.12 
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FIGURE 4.13 



Point 1 























































































122 Part One Learning SOLIDWORKS 


The lofted feature will be created based on a “guide curve.” The guide curve is 
created based on the points selected. Click the check mark to complete the loft. 
The resulting part is shown in Figure 4.14. 

Select the top surface of the part. Select Sketch from the pop-up toolbar, as 
shown in Figure 4.15, to open a sketch on the selected surface. Select the Offset 
Entities Tool, as shown in Figure 4.16. 

A preview of the offset operation will be displayed, as shown in Figure 4.17. Note 
that because the top surface was still selected, the edges of the surface were the enti¬ 
ties offset. The entities to be offset may be pre-selected, as we did here, or you can 
choose the Offset Entities Tool first and then click on the entities to be offset. 




FIGURE 4.17 

















Chapter 4 Advanced Part Modeling 123 


In the PropertyManager, 
set the offset distance as 
0.20 inches. Check the 
Reverse box, as shown in 
Figure 4.18, so that the 
offset entities are inside 
of the edges of the face. 

Click on the check mark 
to finish. 

The finished sketch is 
shown in Figure 4.19. 

Note that the 0.20-inch offset distance is shown as a dimension that can be edited 
by double-clicking it. Also note that unlike most tools in the Sketch group, the 
Offset Entities Tool cannot be activated by simply selecting the sketch plane and 
then clicking on the tool. Instead, a sketch must be opened before selecting the 
Offset Entities Tool. The Convert Entities Tool is similar in this regard; a sketch 
must be opened before accessing the tool. 

Before cutting the shape of the sketch into the part, we need to consider the design 
intent. We want this cut to be blind, so that the cards sit on the bottom of the hole, 
but we want the cut depth to vary with the overall height of the card holder. 
Therefore, neither a Blind nor Through All type of cut will work. Rather, we will 
specify the depth of cut so that the bottom of the cut is a fixed distance above the 
bottom of the card holder. 

Select the Extruded Cut Tool from the Features group of the CommandManager. 
Switch to the Trimetric View. In the PropertyManager, set the type of extrusion to 
Offset From Surface and the offset distance to . 125 inches, as shown in Figure 4.20. 
As the surface, we want to select the bottom face of the part. 

To select the bottom surface, we could switch to 
Bottom View or rotate the model until the bottom 
surface is visible, but in the steps that follow, we 
will learn a handy technique for selecting a nonvisi- 
ble surface without rotating the model from the 
Trimetric View. 



□ Translate surface 

□ Flip side to cut 


FIGURE 4.20 
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FIGURE 4.18 
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Position the cursor above the bottom face. Do not click the left mouse button; 
doing so would select the visible outer surface. Right-click, and choose Select 
Other from the menu, as shown in Figure 4.21 . (Note: The menu will have many 
more items than the ones shown in Figure 4.21; most have been hidden for clarity.) 

With the bottom face highlighted, as shown in Figure 4.22, click the left mouse 
button. 

If there were other possible selections available, they could be selected from the 
pop-up menu that is shown in Figure 4.22. 



Click the check mark to complete the cut. 

The resulting geometry is shown in Figure 4.23. 

We will now introduce the Shell command. This command is often used with molded 
plastic parts to create thin-wall geometries. Since the part we are modeling does not 
need to have any significant strength, making the part solid would be a waste of mate¬ 
rial. We will make the wall thickness of the part a constant 0.060 inches. 


FIGURE 4.22 



FIGURE 4.23 
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Select the Shell Tool from the Features group of the CommandManager, as shown in 
Figure 4.24. Select the bottom face of the part as the face to be removed, as shown 
in Figure 4.25. In the PropertyManager, set the wall thickness to 0.060 inches, as 
shown in Figure 4.26. Click the check mark to complete the shell operation, the 
result of which is shown in Figure 4.27. 


FIGURE 4.24 
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FIGURE 4.25 



FIGURE 4.26 
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FIGURE 4.27 



Select the Fillet Tool from the Features 
group of the CommandManager, as shown in 
Figure 4.28. In the PropertyManager, set the 
fillet radius of 0.10 inches. Select the top 
face, as shown in Figure 4.29, and click the 
check mark to apply the fillet. 


FIGURE 4.28 
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Note that fillets are usually applied to edges, 
not faces. Selecting a face causes all of the 
edges of that face to be filleted, as shown in 

Figure 4.30. 

Select the Fillet Tool again. Select one of the 
edges at the bottom of the cavity as shown in 
Figure 4.31 (as long as the “Tangent propaga¬ 
tion” box is checked, then the fillet will be 
extended completely around the bottom 
edge). Set the radius as 0.050 inches, and click 
the check mark to apply the fillet. 


FIGURE 4.29 


FIGURE 4.30 


FIGURE 4.31 





Although our part appears to be finished, there is a problem that may not be evident 
from examining the part from standard views. We will use a section view to get a 
better look at the problem areas. 
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FIGURE 4.32 
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Section View 

Displays a cutaway of a part or 
assembly using one or more cross 
section planes. 


FIGURE 4.33 


Select the Front Plane from the FeatureManager. Click on the 
Section View Tool in the Heads-Up Toolbar, as shown in Figure 
4.32. Click the check mark, and the cross-section of the part is 
displayed, as shown in a Front View in Figure 4.33. 

Note that we pre-selected the Front Plane as the section plane, 
but either of the other principal planes (Top or Right) can be 
selected from the PropertyManager. Also, the section plane can 
be offset from the selected principal plane by entering an offset 
distance in the PropertyManager or by dragging the arrow 
_ that appears when the Section View Tool is selected. 



Zooming in on the filleted edges shows the problem. 
Because the filleting was performed after the shell opera¬ 
tion, the wall is thinner than desired at the upper corners, 
as shown in Figure 4.34. (Similarly, the wall is thicker than 
desired in the lower corners.) 


FIGURE 4.34 



To correct this problem, we could fillet the sharp corners to maintain a 
constant wall thickness. We could also shell the part after creating the 
fillets. This is the easier way to produce the constant wall thickness. It 
is not necessary to delete the shell and fillet operations and redo them 
in the proper order; we can simply reorder them in the FeatureManager. 

Click on the Shell in the FeatureManager, as shown in Figure 4.35, and 
hold down the left mouse button. 


Drag the cursor down until the arrow and the pop-up message indicate that the Shell 
will be moved after the second fillet, as shown in Figure 4.36. 


Release the mouse button, and the features are reordered, as shown in Figure 4.37. 


FIGURE 4.35 

FIGURE 4.36 

FIGURE 4.37 

► fy Lofti 

► 

A Lofti 


► iy Lofti 

► (j£|) Cut-Extrudel 

► 

(P Cut-Extrudel 

► (jj| Cut-Extrudel 

1® Shelly 

1 

® Shelll 


3 FiHetl 

3 Fillet 


3 Filletl 


3 Fillet2 

(3 Fillet2 


3 Fillet2 

r 

® Shelll 



1 Move below Fillet2 [ 


The wall thickness is now constant, as shown in 
Figure 4.38. Note that not all features can be 
reordered, as some operations will be based on 
geometries created by prior operations. 

Click on the Section View Tool again. 

This will toggle off the display of the section view. 


FIGURE 4.38 
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Text can be added to a part as a sketch entity and then extruded into raised or 
embossed letters. We will add a part number in raised letters to the bottom of the part. 

Click on the Sketch tab of the CommandManager. Switch to Bottom View and select 
the flat surface as shown in Figure 4.39. 

Select the Text Tool from the CommandManager, as shown in Figure 4.40. In the 
PropertyManager, type in the text as shown in Figure 4.41. 



FIGURE 4.40 
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FIGURE 4.41 
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By default, the font specified in the Options will be used. To 
use another font, click on the “Use document font” box to 
uncheck it, which will allow you to select the Font button 
and edit the type and size of the font. 

Click in the sketch at the approximate location of 
the text, and then click the check mark in the 
PropertyManager to close the text box. The text can 
now be moved by clicking and dragging it around 
the sketch. Center the text on the face, as shown in 
Figure 4.42. 

If necessary, dimensions can be added to the marker at the 
lower left of the text to positively locate the text. However, 
for this example, locating the text approximately in the cen¬ 
ter of the face is adequate. 


FIGURE 4.42 



Click on the Features tab of the CommandManager, and 
select the Extruded Boss/Base Tool. 



Extrude the sketch 0.020 inches out from the 
part, as shown in Figure 4.43. 

This card holder may be made from a translu¬ 
cent plastic. The SOLIDWORKS program 
allows parts to be displayed in the color 
desired, and also for optical properties such as 
transparency and shininess to be set. 










































128 Part One Learning SOLIDWORKS 


FIGURE 4.44 
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_ Select the part name from the FeatureManager (so that the entire part 

is selected), and select Edit Appearance from the Heads-Up Toolbar, as 
E shown in Figure 4.44. 


Edit Appearance 

Edit the appearance of entities in the 


In the PropertyManager, under the Basic option, select a gray color, 
as shown in Figure 4.45. (You may also choose a color and texture 
from the Task Pane, if you prefer.) Select the Advanced option, the 
Illumination tab, and move the Transparency amount slider bar toward the 
right, as shown in Figure 4.46. Click the check mark to apply the desired color 
and properties. 


FIGURE 4.45 FIGURE 4.46 



The translucent part will look more realistic with¬ 
out the edges displayed, so select Shaded (without 
edges) as the display mode, as shown in Figure 
4.47. 


FIGURE 4.47 
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The translucent part is shown in Figure 4.48. 
Save this part for use in future exercises. 


Note that more than two sketches can be used to create 
a lofted feature. Consider the three sketches shown in 

Figure 4.49. 


FIGURE 4.48 
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FUTURE STUDY 


Industrial Design 


In this chapter, we created a part by using the 
Loft command to smoothly blend two shapes. 
Engineers in many industries are sometimes 
reluctant to use this type of construction, since 
the resulting surfaces are difficult to define 
mathematically. This makes the geometry dif¬ 
ficult to specify on engineering drawings and 
often impossible to make with traditional 
manufacturing methods. 

Complex geometries have always been an 
important tool for industrial designers. 
Industrial designers are important members of 
product development teams, but perform a dif¬ 
ferent task than do design engineers. The 
Industrial Designers Society of America 
defines the role of the industrial designer as: 

The industrial designer’s unique contribu¬ 
tion places emphasis on those aspects of 
the product or system that relate most 
directly to human characteristics, needs 
and interests. This contribution requires 
specialized understanding of visual, tac¬ 


tile, safety and convenience criteria, with 
concern for the user, (www.idsa.org) 

The image that many associate with indus¬ 
trial designers is that of an artist working on 
a clay model of an automobile, creating the 
shapes that would eventually be seen on the 
showroom floor. The clay model would 
eventually be digitized by measuring thou¬ 
sands of points on the surface in order to 
define the shape for the tooling used to stamp 
the sheet metal body parts. Industrial design¬ 
ers now create many of their models with the 
“virtual clay” of solid modeling software, 
computer-controlled machining centers, and 
rapid prototyping machines. 

The roles of design engineer and industrial 
designer have begun to overlap as they have 
access to a similar set of product develop¬ 
ment tools. However, engineers should rec¬ 
ognize and utilize the unique capabilities of 
industrial designers within the product design 
process. 


The lofted solid created from these sketches is shown in Figure 4.50. 

Also, an additional sketch defining a guide curve can be introduced, allowing more 
control over the loft. Figure 4.51 shows a guide curve added to the three previous 
sketches. The resulting solid is shown in Figure 4.52. 


FIGURE 4.50 




FIGURE 4.52 
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4.2 Parts Created with Swept Geometry 

In this section, we will learn how to create a solid by “sweeping” a cross-section along 
a path. We will start with a simple part in which the path is planar. Later, we will use 
a helix curve to form a helical spring. In the next section, we will introduce the 3-D 
sketch, which will be used to define a sweep path in 3-D space. 


The first part that we will create is a bent tubing section. We begin by creating the 
sweep path. The geometry of the sweep path, which defines the centerline of the tub¬ 
ing, is shown in Figure 4.53. 



Open a new part. Select the Top Plane from the 
FeatureManager. Choose the Line Tool from the 
Sketch group of the CommandManager, and draw 
a vertical line beginning at the origin. Choose the 
Tangent Arc Tool, and drag out an arc from the 
endpoint on the line, as shown in Figure 4.54. 

Choose the Line Tool. Drag out a line from the 
endpoint of the arc along the path that is tan¬ 
gent to the arc, as shown in Figure 4.55. 
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Select the Smart Dimension Tool, and add the dimen¬ 
sions shown in Figure 4.56. Recall that to create an 
angular dimension, you select the two lines that define 
the angle. The sketch should be fully defined. If the 
sketch is not fully defined, check to make sure that tan¬ 
gent relations were added automatically between the 
arc and each of the lines. If either relation is missing, 
add it manually. Close the sketch by clicking on the icon 
in the upper right corner of the graphics area, as shown 
in Figure 4.57, or by clicking the Exit Sketch Tool in the 
CommandManager. 


FIGURE 4.57 
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Switch to the Front View. Select 
the Front Plane from the 
FeatureManager. Select the Circle Tool, and drag out two cir¬ 
cles, both centered at the origin. Select the Smart Dimension 
Tool, and add diameter dimensions of 0.40 and 0.50 inches, 
as shown in Figure 4.58. Close the sketch. 

Click on the Features tab of the CommandManager. Select 
the Swept Boss/Base Tool, as shown in Figure 4.59. In the 
PropertyManager, select the sketch containing the two cir¬ 
cles (Sketch2) as the Profile, the cross section to be swept, 
and select the first sketch defining the geometry of the tubing 
centerline (Sketch I) as the Path of the sweep, as 
shown in Figure 4.60. A preview of the swept 
geometry is shown in Figure 4.61. Click the check 
mark to complete the operation. 



FIGURE 4.59 
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Note that if the profile to be swept is a solid cir¬ 
cle, then it is not necessary to create and dimen¬ 
sion the circle in a separate sketch. As shown in 
Figure 4.60, there is an option for a circular pro¬ 
file. If this option is chosen, then the diameter of 
the circle can be entered directly into the 
PropertyManager. 
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The completed part is shown in Figure 
4.62. 

In the next exercise, we will use a 
more complex sweep path, a helix, to 
create a helical spring. 


Open a new part. Select the Front 
Plane from the FeatureManager. 

Select the Circle Tool from the Sketch group of the CommandManager. Draw a cir¬ 
cle centered at the origin. Select the Smart Dimension Tool, and dimension the 
circle’s diameter as 2 inches, as shown in Figure 4.63. 



From the main menu, select Insert: Curve: 
Helix/Spiral, as shown in Figure 4.64. 

A helix can be defined by specifying any two of 
the following three quantities: 

1. The height, or overall length of the helix, 

2. The pitch, the distance between similar points 
on successive turns of the helix, and 

3. Revolutions, the total number of complete 
turns of the helix. 



We will define the height and the number of revolutions and allow the pitch to be 
calculated. 


FIGURE 4.64 
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FIGURE 4.65 
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Select Height and 
Revolution in the 
“Defined By” box. Set 
the height to 6 inches 
and the number of rev¬ 
olutions to 8. Set the 
starting angle to 135 
degrees, as shown in 
Figure 4.65. 
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A preview of the helix geometry is shown 
in Figure 4.66. The start angle is not critical 
here. If the start angle is set to a multiple of 
90 degrees, then we can define our profile 
sketch in either the Right or the Top Plane. We 
have chosen to use an angle value which is not 
a 90-degree multiple to illustrate the procedure 
for creating a plane at the end of a path sketch. 

Click the check mark to accept the helix def¬ 
inition and close the sketch. 

We will now create a new plane at the end of 
the helix, perpendicular to the helix at that 
point. 



Click on the Features tab of the 
CommandManager. Click on the Reference 
Geometry Tool, and choose Plane, as shown 
in Figure 4.67. Click once on the helix curve, 
and then click on the endpoint of the curve, 
as shown in Figure 4.68. Note that by select¬ 
ing a curve and an endpoint, the plane cre¬ 
ated will be through the endpoint and 
perpendicular to the curve, as shown in 
Figure 4.69. Click the check mark to create 
the plane. 
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FIGURE 4.70 



FIGURE 4.71 
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Click the Sketch tab of the CommandManager. With the 
new plane selected, choose the Circle Tool. Drag out a 
circle, as shown in Figure 4.70. Click the check mark to 
complete the circle. 

It is not possible to snap the center of the circle to the 
endpoint of the helix. Rather, we will use a pierce rela¬ 
tion. The pierce relation is defined between a point and a 
curve, and sets the point at the location where the curve 
“pierces” the sketch containing the point. 


Click on the center point of the circle to select it. 
While holding down the Ctrl key, select the helix near 
the endpoint, as shown in Figure 4.71. In the 
PropertyManager, click on Pierce, as shown in Figure 4.72. Click 
the check mark to add the relation. Choose the Smart 
Dimension Tool, and add a 0.25-inch- 
diameter dimension to the circle. The FIGURE 4.72 
sketch should now be fully defined, as 
shown in Figure 4.73. Close the 
sketch. 




Click on the Features tab of the 
CommandManager. Choose the Swept 
Boss/Base Tool. In the Property- 
Manager, choose the sketch containing 
the 0.25-inch-diameter circle as the 
Profile, and the helix as the Path, as 
shown in Figure 4.74. Click the check mark 
to complete the sweep operation. Hide 
both the plane and the helix. 


The completed spring is shown in Figure 
4.75. In this exercise, we used a curve in 

3-D space as the sweep path. This curve was created from a 2-D 
sketch (a circle). In the next section, we will use the more general 
3-D Sketch Tool to define the sweep path in three-dimensional 
space. 
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4.3 A Part Created with a 3-D Sketch as the Sweep Path 

The use of a 3-D sketch as a sweep path allows more complex parts to be created. 
As the name implies, a 3-D sketch contains entities in 3-D space, whereas typical 
sketches contain entities that exist in a plane. Not all sketch entities are available 
in a 3-D sketch. 


In this exercise, we will model the handlebars shown in 
Figure 4.76. Since the handlebars are defined in metric 
units, we need to set the units accordingly. 

Open a new part. In the Status Bar at the bottom of 
the screen, click on the unit system (IPS) and select 
MMGS as the new unit system, as shown in Figure 4.77. 

If you want to change the number of decimal places dis¬ 
played, you can do this from the Status Bar menu as well 
by selecting Edit Document Units . . ., as shown in 

Figure 4.77. 


FIGURE 4.76 



From the Sketch group of the CommandManager, click the 
arrow under the Sketch Tool and select 3D Sketch, as shown 

in Figure 4.78. 

When working with 3-D sketches, the axes displayed in the cor¬ 
ner of the screen, shown in Figure 4.79, are especially important. 
When we draw lines, we will do so in one of the primary 
planes—XY, YZ, or ZX. 

Select the Line Tool. 


FIGURE 4.77 
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Edit Document Units... 


Editing Part IPS - 


Note that beside the cursor, the plane that the line will be drawn 

in is displayed. We want our first two lines to be sketched in the ZX plane, so we 

will change this orientation before proceeding. 


Press the Tab key, which causes the sketch plane to cycle between the three prin¬ 
cipal planes. Stop when the plane selected is ZX, as shown in Figure 4.80. 


FIGURE 4.78 
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Switch to the Isometric View. Drag out a line from the origin along the X axis, as 
shown in Figure 4.81. Make sure that the “Along X-axis” relation icon is displayed 
before releasing the mouse button. 

From the endpoint of the 
first line, drag out a diagonal 
line, as shown in Figure 4.82. 

When dimensioning a 3-D 
sketch, not all of the options 
available with 2-D sketches 
can be used. For example, if 
we try to add a dimension 
from the origin to the end¬ 
point of the second line, only 
the straight-line distance 
between the two points can be 
displayed. Similarly, when 
adding a dimension to a line, the resulting dimension will define the length of the 
line, but the options available in a 2-D sketch of placing the dimension to show a 
horizontal or vertical dimension are not available. If we want to dimension the x and 
z distances from the origin to the point, then the use of a centerline is necessary. 

Note that sketch relations in a 3-D sketch are not shown by default, as they are in a 
2-D sketch. Sketch relations can be shown by selecting View: Hide/Show: Sketch 
Relations. For clarity, sketch relations are not shown on the 3-D sketch figures in 
this section. 



FIGURE 4.82 
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Select the Centerline Tool from the Line Tool pull-down menu. Make sure that the 
ZX designation still shows beside the cursor. Drag out a centerline from the origin 
along the Z axis, as shown in Figure 4.83. 



Select the Smart Dimension Tool. Click once 
on the first solid line drawn, and place a 50- 
mm dimension, as shown in Figure 4.84. Note 
that although the number of decimal places 
has not been changed from our default value 
of three, the convention for SI units is to dis¬ 
play values in an even number of mm without 
a decimal point. 

Add other dimensions as shown in Figure 4.85. 
To add the 210-mm dimension, click on the 
centerline and then on the endpoint of the 
diagonal line. To add the 20-mm dimension, 
click on the 50-mm-long line and then on the endpoint of the diagonal line. Note 
that when dimensioning in the isometric view, it may be helpful to orient the 
dimensions by selecting the Options Tool: System Options: Display/Selection and 
checking the box labeled “Display dimensions flat to screen.” 



FIGURE 4.85 
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The other lines of the sketch will be drawn in the YZ plane. FIGURE 4.86 

Select the Line Tool. Press the Tab key until YZ is shown as 
the drawing plane, as shown in Figure 4.86. 

Drag out a line from the last endpoint of the second solid line 
in the Z-direction, as shown in Figure 4.87. 





Drag a line downward (in the -Y direction), as shown in Figure 4.88. 

Drag the last line in the -Z direction, as shown in Figure 4.89. 

Select the Smart Dimension Tool. Add the dimensions shown in Figure 4.90. 

Note that the sketch is not fully defined. 3-D sketches are more difficult to fully 
define than are 2-D sketches. Although a line may be drawn in a specific plane, it is 
not locked into that plane unless it is aligned with one of the principal axes. We 
could fix some of the endpoints to fully define the sketch, but that is not necessary. 


FIGURE 4.89 
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We will now add fillets to the sharp corners of our sketch. The fil¬ 
let radii to be added are shown in Figure 4.91. 

Select the Sketch Fillet Tool, as shown in Figure 4.92. In the 
PropertyManager, make sure that the pushpin icon (Keep 
Visible) is pushed “in,” so that the Sketch Fillet Tool remains 
open for multiple fillets, as shown in Figure 4.93. Make sure that 
the box labeled “Keep constrained corners” is checked; other¬ 
wise, the dimensions to the corners will be lost when the corner 
is filleted. Leave the box labeled “Dimension each fillet” 
unchecked; this option only applies when you have multiple fil¬ 
lets with the same radius. Set the radius to 100 mm, and select 
the first corner to be filleted, as shown in Figure 4.94. Click the 
check mark to apply the fillet. Change the fillet radius to 30 mm, 
select the next corner to be filleted, and click the check mark. 



FIGURE 4.92 
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Sketch Fillet 

Rounds the comer at the intersection 
of two sketch entities, creating a 


Repeat for the other two fillets, and 
then click the check mark again to 
close the Sketch Fillet Tool. The fin¬ 
ished sketch is shown in Figure 4.95. 


FIGURE 4.93 




Close the sketch. Recall that the path and profile for a swept 
feature must be defined in separate sketches. 

Select the Right Plane from the FeatureManager. Select the 
Circle Tool. Drag out two circles from the origin, as shown in 

Figure 4.96. 


FIGURE 4.96 
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FIGURE 4.97 



Add diameter dimensions of 25.4 mm and 23.4 mm, as shown in 
Figure 4.97. 

(Although most bicycle components are specified in metric units, a 
1-inch outer handlebar diameter, 25.4 mm, is a standard size.) 

Close the sketch. 

Click on the Features tab of the CommandManager. Select the 
Swept Boss/Base Tool. In the PropertyManager, select the 2-D 
sketch just completed as the profile and the 3-D sketch as the 
path, as shown in Figure 4.98. 

Click the check mark to complete the sweep. The result is shown 
in Figure 4.99. 
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Select the Mirror Tool, as shown in Figure 4.100. In the Property- 
Manager, select the Right Plane as the mirror plane, as shown in 
Figure 4.101, and click the check mark. (Remember that clicking the 
arrow beside the part name expands the “fly-out” FeatureManager 
and allows the Right Plane to be selected.) 



FIGURE 4.100 
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The completed handlebars are shown in the Trimetric View in Figure 4.102. 


FIGURE 4.102 



We will now determine the mass of the handlebars, which will be made from 6061 
aluminum. 

Right-click on Material in the FeatureManager. Select Edit Material and select 6061 
Alloy from the list of aluminum alloys. Click Apply and Close. 

Select Tools: Evaluate: Mass Properties from the Main Menu. 

The mass of the handlebars is calculated as about 221 grams, as shown in Figure 
4.103. 

Save the part file as “Handlebars.” 


FIGURE 4.103 
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PROBLEMS 


P4.1 


Create the solid object shown 
in Figure P4.1 with a loft 
between a square base and a 
circular top (dimensions are in 
inches). 


FIGURE P4.I 



P4.2 Create the part shown in Figure P4.2A. Create 
the sketch shown in Figure P4.2B in the Top 
Plane. Create a new plane 4 inches above the 
Top Plane, and create the second sketch 
consisting of the two arcs and two lines 
indicated in Figure P4.2C, snapping to 
corresponding points of the first sketch. Make 
sure that both sketches are fully defined, or 
the loft operation may not work properly. 
Create a loft between the two sketches to 
fini sh the part. All dimensions are in inches. 


FIGURE P4.2A 



FIGURE P4.2B 


FIGURE P4.2C 
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P4.3 Create the part shown here, with a circular cross-section of 
1-inch diameter. All dimensions are in inches. 




P4.4 Create the shape shown in Figure P4.4A as a loft defined by the two ellipses 
and one circle shown in Figure P4.4B. All dimensions are in inches. 


FIGURE P4.4A FIGURE P4.4B 



2.000 




















144 Part One Learning SOLIDWORKS 

To create an ellipse, select the Ellipse Tool from the Sketch group of the 
CommandManager. Drag out a circle from the origin, as shown in Figure P4.4C, 
and then click and drag a point on the edge of the circle to “flatten” it into an ellipse, 
as shown in Figure P4.4D. Snap points are created at four locations on the ellipse; use 
these points to define the semimajor and semiminor axes of the ellipse. Add 
centerlines from the origin to the snap points, as shown in Figure P4.4E, and 
set them to horizontal and vertical to correctly align the ellipse and fully define 
the sketch. 

When defining the 1-inch circle for the top of the loft, add a center line to the 
horizontal quadrant point, as shown in Figure P4.4F. This will provide the final guide 
point for the loft (see Figure P4.4B). 



FIGURE P4.4E 


FIGURE P4.4F 
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P4.5 Turn the shape created in Problem P4.4 into the bottle shown in Figure 

P4.5A. Extrude a circular neck, as shown in Figure P4.5B, add a 0.25-inch 
fillet to the neck-to-body junction, and use the Shell Tool to hollow the 
bottle, leaving a 0.020-inch wall thickness. What is the volume of the space 
within the bottle? (Hint: To find the volume, move the rollback bar to just 
before the shell command, as shown in Figure P4.5C and find the volume of 
the solid before shelling. Then move the rollback bar past the shell, and 
find the volume of the bottle itself. The difference in the two volumes is 
the volume contained within the bottle.) 



P4.6 Design a mug as shown in Figure P4.6A. The mug should hold 

approximately 30 cubic inches (slightly more than 16 fluid ounces). The 
mug should have a hexagonal bottom and a circular top, with a wall 
thickness of 0.125 inches. 


• To create the hexagon shape, select the 
Polygon Tool from the Sketch group of the 
CommandManager and drag out a shape 
from the origin. By default, a hexagon will 
be created, although you can change the 
number of sides in the PropertyManager to 
create other polygons. To precisely orient 
the hexagon, select a side and add a 
horizontal or vertical relation. For this 
exercise, adding a vertical relation to one 
of the sides will result in the handle being 
placed in the middle of one of the mug’s 
segments, as shown in Figure P4.6A. 
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• After shelling the mug’s body, create the 
handle by sketching a sweep path and a 
circular profile using the Swept Boss Tool. 

To make sure that the mug’s body and the 
handle interface with no gaps, extend the 
sweep path well into the mug’s body, as 
shown in Figure P4.6B. Trim away the 
portions of the handles inside the body by 
opening a sketch on each handle end, using 
the Convert Entities Tool to create a circle in 
the sketch plane, and then using the Extruded 
Cut Tool with a type of Up to Surface to 
remove the excess portion of the handle. 

Select the inner surface of the mug as the surface defining the end of the 
cut, as shown in Figure P4.6C. (This step can be avoided if you shell the 
mug after creating the handle, but that causes the handle to be shelled as 
well.) 

• Add fillets at the intersections of the handle and the body. 

• If your SOLIDWORKS license includes the add-in PhotoView 360, you 
can experiment with creating a photorealistic rendering of the mug using 
different materials and backgrounds, as shown in Figure P4.6D. To see if 
you have access to the add-in, select Tools: Add-Ins and look for 
PhotoView 360 in the list. A tutorial for using PhotoView 360 is available 
from the book’s website: www.mhhe.com/howard2017. 
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P4.7 Model a bent tube with 0.5-inch outer diameter and 0.375-inch inner 

diameter to join the ends of the two tubes shown in Figure P4.7A. Follow 
the route shown by the centerlines in Figure P4.7A, and add 1-inch radius 
fillets to the corners. 

The completed model is shown in Figure P4.7B. 



P4.8 Repeat Problem P4.7, using a different path. Use a tube geometry that 

minimizes the tube length while maintaining a straight section at each end, 
as shown in Figure P4.8. 


FIGURE P4.8 
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P4.9 Screw threads on parts are not usually modeled. Instead, cosmetic threads are 
added to represent the threads. We will learn how to apply cosmetic threads in 
Chapter 5. In some cases, however, a threaded part needs to be prototyped, so the 
threads must be modeled. Figure P4.9A shows the drive screw from a table vise. 
The threads on a drive screw are typically Acme threads, a trapezoidal-profile 
thread. The thread shape can be seen in the cross-section of the screw of Figure 
4.9B. Model the screw, following these steps: 




1. Create a cylinder 0.5 inches in diameter and 6 inches in length. 

2. Create a new plane 0.1 inches offset from one end of the cylinder. 

3. Sketch a 0.5-inch diameter circle in the new plane, and insert a clockwise 
helix with a pitch of 0.1 inches (10 threads per inch) and a height of 

6.2 inches, as shown in Figure 4.9C. 


FIGURE P4.9C 






Chapter 4 Advanced Part Modeling 


149 


4. Open a new sketch in a plane normal to the helix at its endpoint. 
Sketch the profile as shown in Figure P4.9D, and close the sketch. 

FIGURE P4.9D 




5. Select the Swept Cut Tool. Sweep the profile along the helix to cut the 
threads. 

6. Add the head of the screw, using the dimensions shown in Figure 
P4.9E. 

FIGURE P4.9E 



P4.10 Measure a standard paper clip, and use your measurements to create a solid 
model similar to the one shown in Figure P4.10. 


FIGURE P4.I0 
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CHAPTER 5 

Parametric 
Modeling Techniques 



Introduction 

One of the tremendous advantages of solid modeling software is the ability 
to represent geometric relationships in a parametric form. In a parametric 
model, the description of the model contains both a geometric description 
(shape, orientation, etc.) and specific numerical parameters (dimensions, 
number of instances, etc.). Consider, for example, a simple parameterized 
solid model of a cylinder; the definition of the model contains both a geo¬ 
metric description defining the primitive shape (cylinder), and two numeric 
parameters (diameter and length) to fully define the model. A whole “fam¬ 
ily” of cylindrical parts of different diameters and lengths could be modeled 
with a single parameterized model, with only a numeric table of values 
used to differentiate the various parts in the family. 

The Linear Pattern Tool used to define the hole pattern in Chapter 3 is 
another good example of a parameterized model; the geometric information 
used to describe a hole pattern includes: 

• the shape of the hole (circular) 

• the type of extruded cut (“through all”) 

The numeric parameters that must also be defined include: 

• the vectors (axes) that define the two directions of the pattern 

• the two “repeat” dimensions along the two directions 

• the number of instances of the holes in each direction 

Changes can be readily made to the parameters to update the model, 
without requiring any changes to the geometric information. 

This concept of using numeric parameters to drive a solid model can be 
exploited in design. One powerful tool that can be employed is the 
development of mathematical relationships (equations) that relate the 
values of two or more parameters in a model. 


Chapter Objectives 

In this chapter, you will: 

■ use the Draft Tool to 
add draft to an existing 
solid part, 

■ learn how to use a 
shared sketch to create 
more than one feature, 

■ develop equations to 
embed parameterized 
relationships into a solid 
model, 

■ use a design table to cre¬ 
ate a family of similar 
parts, and 

■ create a multiple- 
configuration part 
drawing. 
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In our hole pattern, for example, we might want to restrict our model so that the 
number of instances of holes in one direction is always the same as the number of 
instances of holes in the other direction. This is accomplished by relating the two 
parameters together with an equation, for example: 

(# of instances along Direction 2) = (# of instances along Direction 1) 

Once this parameterized relationship is established, any change made to the inde¬ 
pendent parameter (the number of instances of holes along Direction 1) would auto¬ 
matically update the value of the dependent parameter (the number of instances of 
holes along Direction 2), and the model would be updated accordingly. This allows 
the engineer to embed design intelligence and “rules-of-thumb” directly into solid 
models. 

In this chapter, an example of a mechanical part that contains embedded equations 
to drive specific parameters will be presented. In addition, the tutorial will introduce 
some new modeling operations that have not yet been utilized in the preceding 
chapters. A second example will be presented where a spreadsheet-based design 
table is used to drive the dimensions of a model, producing an entire family of parts. 


5.1 Modeling Tutorial: Molded Flange 


In this exercise, the flange shown in Figure 5.1 will 
be created. Since this is to be a molded part, draft 
will be added to the appropriate surfaces. 

Begin by starting a new part, and selecting 
the Front Plane from the FeatureManager. Select 
the Circle Tool from the Sketch group of the 
CommandManager. Drag out a circle centered at 
the origin. Select the Smart Dimension Tool and 
add a 6-inch diameter dimension, as shown in 
Figure 5.2. 


FIGURE 5.1 




Select the Extruded Boss/Base Tool from the 
Features group of the CommandManager. Extrude 
the sketch outward to a thickness of 0.25 inches. 
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FIGURE 5.3 



The extruded solid is shown in Figure 5.3. 

Since the next feature will be drafted, we 
will define its dimensions in a new plane and 
extrude its sketch back toward the rest of the 
part. Therefore, we need to create a new con¬ 
struction plane offset from the Front Plane. 

Begin by selecting the Front Plane from the 
FeatureManager. 

The selected plane will be highlighted. 


While holding down the Ctrl key, click 
and drag the plane outward. Make sure 
that the move arrows, as shown in Figure 5.4, appear before clicking. Release 
the mouse button, and the new plane is previewed, as shown in Figure 5.5. 

In the PropertyManager, set the offset distance to 1.5 inches, as shown in Figure 
5.6, and click the check mark to complete the operation. 


FIGURE 5.4 



The new plane will be labeled Plane 1 in the FeatureManager. A cylindrical 
boss will now be extruded with a draft from this new plane back toward the 
base feature. 


FIGURE 5.5 


FIGURE 5.6 
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Click on the boundary of the new plane 
(Plane I) and choose the Normal to View from 
the Context Toolbar, as shown in Figure 5.7, 
or from the Heads-Up View Toolbar. Select 
the Circle Tool from the Sketch group of the 
CommandManager. Drag out a circle from the 
origin. Select the Smart Dimension Tool and 
dimension the circle’s diameter as 2.2 inches, 
as shown in Figure 5.8. 


FIGURE 5.7 
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FIGURE 5.9 
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Select the Extruded Boss/Base Tool from the Features group of the 
CommandManager, and set the direction such that the boss is extruded 
toward the base. Change the type of extrusion to Up To Next. (Note: If Up 
To Next is not available, then the extrusion direction is incorrect.) Turn the 
draft on. Set the draft angle to 3 degrees and check the “Draft outward” 

box, as shown in Figure 5.9. Click on 


FIGURE 5.10 
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the check mark to complete the 
extrusion. From the Hide/Show Items 
menu of the Heads-Up View Toolbar, 
select View Planes, as shown in Figure 
5.10. This will toggle off the display of 
planes. 

The result of the drafted extrusion is 
shown in Figure 5.11. 


Select the face shown in Figure 5.12, and select the Normal To View. Select the Circle 
Tool from the Sketch group of the CommandManager. Drag out a circle centered at 
the origin. Select the Smart Dimension Tool. Dimension the circle’s diameter at 1.8 
inches, as shown in Figure 5.13. 



FIGURE 5.12 




Select the Extruded Cut Tool from the Features 
group of the CommandManager. Select Through All 
as the type, turn the draft on, and set the draft 
angle to 2 degrees. Make sure that the “Draft out¬ 
ward” box is checked, as shown in Figure 5.14. 
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FIGURE 5.15 



Click the check mark to apply the cut, 
which is shown in Figure 5.15. 

To see the effect of the draft on the hole, 
viewing the model with a section view is 
helpful. 

Select the Section View Tool from the 
Heads-Up View Toolbar, as shown in Figure 
5.16. In the PropertyManager, select the 
middle button, representing the Top 
Plane, as shown in Figure 5.17. 

Reverse the direction of the section by 
clicking on the icon next to the plane 
selection box. 


FIGURE 5.16 


FIGURE 5.17 




Section View 

Displays a cutaway of a part or 
assembly using one or more cross 
section planes. 



Click the check mark to apply the settings 
for the section view. Select the Bottom 
View from the Heads-Up View Toolbar, as 
shown in Figure 5.18. 

The cross-section of the part, as shown in 
Figure 5.19, clearly shows the drafted cen¬ 
ter hole. The section view will be dis¬ 
played until turned off with the Section 
View Tool. 

Click the Section View Tool to return to 
the display of the entire model. 

FIGURE 5.19_ 
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Before adding the ribs and holes, we will fillet several of the sharp edges of the part. 

Start by selecting the Fillet Tool from the Features group of the CommandManager, 
as shown in Figure 5.20. 


FIGURE 5.20_ 
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Since two of the edges are to have the same radius, we can add these fillets 
at the same time. 

Set the radius to 0.125 inches, and select the two edges shown in Figure 
5.21. 

Be sure to select the edge and not the face. If a face is selected, then all of the 
edges of that face will be filleted. 

Click the check mark to apply the fillets. Using a similar procedure, fillet 
the edge shown in Figure 5.22 with a fillet radius of 0.25 inches. 


The filleted part is shown in Figure 5.23. 


FIGURE 5.21 


FIGURE 5.22 


FIGURE 5.23 





A number of stiffening ribs will now be added to the part. This will be done by cre¬ 
ating a single rib and duplicating it a number of times using a circular pattern. The 
first rib in the pattern will now be created. 

Select the Top Plane from the FeatureManager. Select 
the Sketch Tool from the context toolbar, as shown in 
Figure 5.24, or from the Sketch group of the 
CommandManager. Switch to the Bottom View. 


Note that most of the time when we begin a sketch, we 
simply choose a sketch tool. However, for the step we 
are about to perform, it is necessary to open the sketch 
before choosing the desired tool (Convert Entities). 


FIGURE 5.24 
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FIGURE 5.25 
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Hidden Lines Visible 

Displays all edges of the model. 
Edges that are hidden from the 
current view are displayed in a 
different color or font 



Choose the Wireframe display mode with hidden 
lines visible, as shown in Figure 5.25. Zoom in on the 
right side of the part. 

Since the rib will blend into the fillet radii, we need 
to select the intersections of the radii with the plane. 
While the edge of the solid part appears to be an arc 
when viewed from this perspective, there is no phys¬ 
ical sketch entity associated with it; however, we can 
construct an arc coincident with this projected solid 
edge by using the Convert Entities Tool. 

Move the cursor to the intersection of the top fillet 
and the plane. When you have positioned the cur¬ 
sor at the appropriate location, the silhouette sym¬ 
bol will appear (Figure 5.26). Click to select this 
silhouette. 

While holding down the Ctrl key, locate and select 
the silhouette of the edge of the other fillet, as 
shown in Figure 5.27. 


With the silhouettes 
selected, click the 
Convert Entities Tool, as 
shown in Figure 5.28. 


This will add to your sketch arcs that are coincident with 
the silhouettes of the fillets, as shown in Figure 5.29. 

Select the Line Tool. Move the cursor over the top arc so 
that the coincident relation icon appears, as shown in 
Figure 5.30, indicating that the endpoint of the line will 
snap to the arc. Do not snap to the midpoint of the arc. 


FIGURE 5.27 



FIGURE 5.28 
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FIGURE 5.29 
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FIGURE 5.31 


FIGURE 5.32 
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Click and drag a line to the other arc. 
Place the endpoint so that the coinci¬ 
dent and tangent relation icons 
appear, as shown in Figure 5.31. Press 
Esc to turn off the Line Tool. 


Zoom in on the fillet at the top of the 
part, as shown in Figure 5.32. A tan¬ 
gent relation should have been added 
automatically to the arc and the line. 
If the relation did not add automatically, then add it manually by selecting both 
entities (use the Ctrl key to select more than one entity) and adding a tangent rela¬ 
tion in the PropertyManager. Note that there are also relation icons for On Edge 
(the arc is on the silhouette edge of the fillet) and Coincident (the end of the line 
lies on the arc). 

We will now trim away the portions of the ; 


Zoom in on the intersection of one of the arcs and the line. Select the Trim Entities 
Tool, as shown in Figure 5.33. Choose “Trim to closest” as the trim option, as 
shown in Figure 5.34. Click to trim the portion of the arc to be removed, as shown 

in Figure 5.35. 


FIGURE 5.33 
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FIGURE 5.34 
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The result of the trimming operation is 
shown in Figure 5.36. 

Repeat this process on the other arc/line 
intersection, as shown in Figure 5.37. 
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Add the two lines indicated in 
Figure 5.38 to close the sketch 
contour. 

If the lines are horizontal and ver¬ 
tical, then the sketch should be 
fully defined. 

Select the Extruded Boss/Base Tool 
from the Features group of the 
CommandManager. Extrude the 
rib as a Mid Plane Extrusion with 
a thickness of 0.125 inches, as 
shown in Figure 5.39. 



FIGURE 5.39 
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The result is shown in Figure 5.40. 


FIGURE 5.40 


While the geometry of the rib appears to be satisfactory, there are two 
areas where the faces do not blend smoothly. These areas are the inter¬ 
sections between the rib and the fillets of the flange. The intersection 
at the lower fillet is shown in Figure 5.41 ; a similar area exists at the 
intersection with the upper fillet. We have a flat part (the rib) mating 
with a curved surface (the fillet). While the contour of the rib matches 
that of the fillet perfectly at the mid-surface of the rib, as the rib is 
extruded outward its surface is slightly higher than the fillet’s. 
Although the difference is small, this type of mismatch can result in 
errors when exporting the geometry to a 3-D printer, tool path pro¬ 
gram, or finite element analysis program. 

One solution to this mismatch would be to replace the extruded rib 
with one that is created by revolving the cross-section about the center 
axis of the flange through a small angle. However, this would result in 
a rib that is much thicker toward the outer edge of the flange. We could 
also try adding some small fillets to smooth the mismatched surfaces. 
A better approach is to use a revolved cut to remove the portions of the 
rib that extend above the fillets. Think of this operation as creating a 
cutting tool that precisely matches the profile of the mid-surface of the 
rib, and is swept around the center axis of the flange. 




One way to match the rib profile is to open a new sketch and repeat the 
steps of identifying the silhouettes of the fillets and converting them to arcs, adding 
a line tangent to both arcs, and trimming away the excess portions, as we did previ¬ 
ously. We cannot do this in the same location as the previous sketch, however, 
because the rib geometry has eliminated the silhouettes of the fillets. We could 
recreate the sketch steps in a new sketch in another location, say in the Right Plane, 
but it is easier to reuse the previous sketch. Another option would be to copy the pre¬ 
vious sketch and edit it to create the cutter geometry, but the copied sketch would 
lose associativity with the rest of the flange geometry and would therefore not 
rebuild correctly if a change were made (for example, if the offset distance of Plane 1 
were to be changed). 
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Before adding on to the previous sketch, we need to make a small change to the def¬ 
inition of the rib. Since the sketch (Sketch4 in the FeatureManager) has only one 
closed contour, it was not necessary to select the contour when defining the rib 
(Boss-Extrude3). However, when we edit the sketch, we will be adding a second 
contour. Therefore, there will be an ambiguity in the definition of the rib unless we 
specify the contour to be used. 

Select Boss-Extrude3 in the FeatureManager, and select Edit Feature 
from the context toolbar, as shown in Figure 5.42. Click the arrow 
to expand the box labeled “Selected Contours.” The Selected 
Contours box will be highlighted, as shown in Figure 5.43. Click in 
the closed region of the sketch to select it, as shown in Figure 5.44. 
Click the check mark. 


FIGURE 5.42 
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FIGURE 5.45 
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If the step above is not performed, then 
the addition to the sketch that follows 
will result in an error rebuilding the rib. 
The error can be fixed by editing the rib 
and selecting the sketch contour, but it is 
easier to preclude the error by selecting 
the contour before editing the sketch. 

Click the arrow next to Boss-Extrude3 
to expand it. Click on the rib sketch 
(Sketch4) to select it, and select Edit 
Sketch from the context toolbar, as 
shown in Figure 5.45. Switch to the 
Bottom View. Add the four horizontal 
and vertical lines indicated in Figure 
5.46, and the two dimensions, which 
will fully define the sketch. 


The 0.5-inch dimensions are arbitrary. However, by placing these dimensions, 
we are assured that the cutter’s contour will always be larger than the flange, 
even if the flange dimensions change. 


FIGURE 5.46 



Rebuild the part. Click on 
Sketch4 again to select it, and 
choose the Revolved Cut Tool 
from the Features group of the 
CommandManager. Click to 
highlight the Selected Contours 
box. Select the upper portion of 
the sketch as the contour to be 
revolved, as shown in Figure 
5.47. 
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We need to define the axis of the revolution. We could add a center- 
line to the sketch, but instead we will use the center axis of the flange. 
Every cylindrical feature has an associated axis, called a temporary 
axis. By default, these axes are not visible. 

From the Heads-Up Toolbar, click the Hide/Show Items icon and click 
View Temporary Axes, as shown in Figure 5.48. Click in the Axis of 
Revolution box in the PropertyManager to highlight it, and then click 
on the axis at the center of the flange, as shown in Figure 5.49. Click 
the check mark to complete the cut. 


FIGURE 5.48 
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FIGURE 5.50 




The rib and the fillets now blend smoothly, as shown in 
Figure 5.50. (Note that there is a tangent edge between the 
rib and fillet. If the display of tangent edges is turned off, 
then no edge will be visible. If the tangent edge 
is visible, select Options: System Options: Display and 
check Removed for Part/Assembly tangent edge display, 
as we did in Chapter 1.) 

Note that Sketch4 is shown in the FeatureManager under 
both the rib (Boss-Extrude3) and the cut (Cut-Revolvel). 
The hand under each sketch icon, as shown in Figure 5.51, 
indicates that the sketch is shared with another feature. 


FIGURE 5.51 
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We will now add draft to the rib. Unlike the boss feature and 
the extruded cut, where the draft was specified as part of the 
extrusion step, the necessary draft on the rib is not in the same 
direction as the extrusion. Therefore, draft must be added as a 
secondary operation. 
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FIGURE 5.52 
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Select the Draft Tool from the Features group of the Command- 
Manager, as shown in Figure 5.52. Make sure the Manual tab is 
selected. For the Neutral Plane, select the flat surface shown in 
Figure 5.53 (make sure not to select the curved fillet surface). 

Note the arrow pointing away from the flange body. This is the 
direction in which the feature will get smaller as the draft is applied 
(i.e., the direction in which a mold half would be pulled). Since this 
is the correct direction for the draft, we do not need to change it. 


FIGURE 5.53 


FIGURE 5.54 
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FIGURE 5.55 
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For the Faces to Draft, click on the surface shown in Figure 5.54. Rotate the flange 
and select the other side of the rib as well. Set the draft angle to 2 degrees, as 
shown in Figure 5.55. Click the check mark to apply the draft. 

The draft can be seen clearly from the Front View, as shown in Figure 5.56. The top 
of the rib is wider toward the outer perimeter of the flange, since the surface is far¬ 
ther away from the neutral surface. The width of the base of the rib is constant. 

FIGURE 5.56_ 
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We will now create a pattern to add the other 
ribs. 

Select the Circular Pattern Tool from the pull¬ 
down menu under the Linear Pattern Tool. 
Expand the fly-out FeatureManager by clicking 
the arrow beside the part name. For the fea¬ 
tures to pattern select the rib (Boss- 
Extrude3), the cut (Cut-Revolvel), and the 
draft, as shown in Figure 5.57. Click in the 
Pattern Axis box to highlight it, and select 
the temporary axis at the center of the part, 


FIGURE 5.57 
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FIGURE 5.58 



as shown in Figure 5.58. Select Equal spac¬ 
ing, set the number of instances to 6, and 
click the check mark. Turn off the display 
of the temporary axes from the Hide/Show 
Items Tool of the Heads-Up Toolbar. 

The rib pattern is shown in Figure 5.59. 

The holes will now be added. 

Select the face shown in Figure 5.60, and 
change to the Normal To View. 


FIGURE 5.59 


FIGURE 5.60 
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Select the Circle Tool from the Sketch group of the CommandManager. Draw 
a circle centered at the origin. Check the “For construction” box in the 
PropertyManager. Select the Smart Dimension Tool, and dimension the circle 
diameter as 4.5 inches. 


Select the Centerline Tool and draw two cen¬ 
terlines, both originating from the origin. 
One of the centerlines should be horizontal 
and the other diagonal, as shown in Figure 
5.61. Select the Smart Dimension Tool and 
add a 30-degree angular dimension between 
the centerlines. 


FIGURE 5.61 
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Select the Circle Tool. Move the cursor to the intersection of the construction cir¬ 
cle and the diagonal centerline, so that the intersection icon appears, as shown 

in Figure 5.62. 

Drag out a circle. Select the Smart Dimension Tool and add a 3/8-inch diameter 
dimension to the circle, as shown in Figure 5.63. 


FIGURE 5.62 



FIGURE 5.63 



Select the Extruded Cut Tool from the Features group of the CommandManager. 
Set the type as Through All, and click the check mark to create the first hole. 

Select the Circular Pattern Tool. Create a six-hole pattern. 

The finished part is shown in Figure 5.64. 

In the next section, we will add equations to link the rib and hole patterns. This will 
be easier to do if we rename these features. 

In the FeatureManager, rename the extrusion defining the first rib “Rib,” the first 
circular pattern “Rib Pattern,” the first bolt hole “Bolt Hole,” and the second cir¬ 
cular pattern “Hole Pattern,” as shown in Figure 5.65. Save the part. 


FIGURE 5.64 
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5.2 Creation of Parametric Equations 


The use of parametric equations embedded in models to control dimensions 
is a powerful engineering tool. These equations can be used to embed design 
intelligence directly into solid models. In this section, the flange created in 
Section 5.1 will be modified to include parametric equations relating the 
hole pattern to the rib pattern. 

With the flange model open, select Tools: Equations from the main menu, 
as shown in Figure 5.66. 

The Equations, Global Variables, and Dimensions dialog box will appear. 
In the model, the number of holes in the Hole Pattern feature will be con¬ 
trolled by the number of ribs in the Rib Pattern feature. An equation will be 
written to establish this parametric relationship. Equations can be estab¬ 
lished relating model parameters to one another, or relating model parame¬ 
ters to user-defined variables. In this tutorial, since the model is relatively 
complicated, and since two different equations controlling model parame¬ 
ters will eventually be developed involving the number of ribs in the Rib 
Pattern, we will use the technique that involves the creation of a user- 
defined variable. We will therefore begin by defining a global variable that 
contains the number of ribs. 

Double-click on the Rib Pattern in the FeatureManager. 


FIGURE 5.66 



This will display the parameters (6 ribs, 
360° spacing) in the model window. 

With the Equation View button 
selected, click on the cell in the “Name” 
column labeled Add global variable, as 
shown in Figure 5.67. In the cell, type 
the variable name Ribs. Click in the cell 
in the “Value/Equation” column next to 
it, as shown in Figure 5.68. 


FIGURE 5.67 



FIGURE 5.68 
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FIGURE 5.69 


Click on the “6” parameter (denoting the number of ribs) in the modeling win¬ 
dow, as shown in Figure 5.69 (you may need to zoom in to find it). Click the green 
check mark, and the value of the parameter (6) will be associated with the vari¬ 
able Ribs and added to the “Evaluates to” column, as shown in Figure 5.70. 


FIGURE 5.70 
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The variable Ribs can now be used as a driving value in an equation. We will estab¬ 
lish an equation that ties the number of holes in the hole pattern to the number of 
ribs in the rib pattern, which has been given the variable name Ribs. 


In the FeatureManager, click on the Hole Pattern entry. 


FIGURE 5.71 
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This will display the parameters (6 holes, 360° spacing) in the 
model window. 

Click in the cell in the “Name” column labeled Add equation , as 
shown in Figure 5.71. In the model window, select the parameter 

“ 6 .” 

The parameter, called by the default name “Dl@Hole Pattern,” 
will be added to the cell, as shown in Figure 5.72. The variable 
becomes the left-hand side of the equation. 


FIGURE 5.72 
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In the Value/Equation column, select “Global Variables” from the menu that 
appears. Select the variable Ribs from the list, as shown in Figure 5.73. 

Note that we have created only one variable; if we had created more, each 
would appear in the Global Variables list. 

Click the check mark to complete and evaluate the equation. Click OK to 
close the dialog box. 


FIGURE 5.73 
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This equation establishes a parametric 
relation that ties the number of holes in 
the hole pattern directly to the number of 
ribs in the rib pattern. We will test the 
equation at this point. 

Double-click the Rib Pattern to display 
its parameters, and double-click on the 
value “6” (the number of ribs in the 
pattern) and change it to “3.” Click the 
check mark, and then click the Rebuild 
Tool to rebuild the model. 
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FIGURE 5.74 _ The model will be rebuilt, with the Rib 

Pattern modified and the driven Hole 
Pattern modified as well, as shown in 

Figure 5.74. 

While the number of holes is correctly tied 
to the number of ribs, our design intent 
may not be satisfied by this model. Note 
that the angular location of the holes was 
set at 30 degrees from the center of a rib; 
this centered the hole between two ribs 
when there were six ribs in the pattern, but 
it no longer provides for centering of the 
holes when the number of ribs is modified. 
We will create a new parametric equation 
to establish the relationship required by our 
design intent; the equation will drive the angular dimension of the holes so that they 
are centered between the ribs. 


From the main menu, select Tools: Equations. In the dialog box, click the Add 
Equation cell. Click on the Bolt Hole in the FeatureManager to display the dimen¬ 
sions associated with the bolt hole. 


The angular spacing between ribs is 360 degrees divided by the number of ribs. The 
first hole is located at one-half of this value away from the first rib. Therefore, the 
equation required to set the angular dimension in degrees to the desired value will 
be: 


Angular Dimension = (1/2) (360/Number of Ribs) or 


Angular Dimension = 180/Number of Ribs 


With the hole dimensions still displayed, select the angular dimension locat¬ 
ing the hole, as shown in Figure 5.75. 

In the “Value/Equation” column, type l80/“Ribs,” as shown in Figure 5.76. 
Click the check mark. 


FIGURE 5.76 
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The “Evaluates to” column confirms that the dimension will equal 60 degrees with 
the current number of ribs (3), as shown in Figure 5.77. 


FIGURE 5.77 
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Click OK to close the dialog box. 

The result is shown in Figure 5.78. 

Change the number of ribs to other values and 
check to see that the number and locations of 
the holes change in a consistent manner. 

Another example, with five ribs and holes, is 
shown in Figure 5.79. 

Note that there is a difference between driving 
and driven parameters. In this example, the 
number of ribs is a free design choice, and is 
therefore a driving parameter. As such, it 
appears only on the right side of the equal sign 
in parametric equations. Conversely, the num¬ 
ber of holes and the angular hole location are 
driven parameters; they are determined by the 
choice of the number of ribs, and appear on the 
left side of the equal sign in parametric equa¬ 
tions. Since their values are set by the values 
established by the driving parameters, driven 
parameters cannot be modified directly in the 
model. 

Perform the following demonstration to verify 
this. 


FIGURE 5.78 



FIGURE 5.79 



Double-click on the Hole Pattern in the FeatureManager to display the associated 
parameters in the model window. Double-click on number of holes in the pattern, 
to try to change the value. 


FIGURE 5.80 
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The symbol displayed beside the value (see 
Figure 5.80) indicates that the dimension is controlled 
by an equation and cannot be changed. 

Click the check mark to close the message box. 
Reset the number of ribs and holes to six, rebuild 
the model, and save the part file. 



















Chapter 5 Parametric Modeling Techniques 


169 


5.3 Modeling Tutorial: Cap Screw with Design Table 

Note: This tutorial requires Microsoft Excel to be installed on your computer. 

In this section, we will create a family of similar parts. Many parts are defined this 
way, especially common parts such as fasteners, washers, seal rings, and so on. 
Rather than creating separate model files and drawings for every different part, a 
single part with multiple configurations is made. A single drawing can be made to 
define the parameters of all of the different configurations. The specifications of the 
dimensions that define each configuration are contained in a spreadsheet called a 
design table. 


Open a new part. Select the Right Plane from the 
FeatureManager, and select the Circle Tool from the 
Sketch group of the CommandManager. Draw a circle 
centered at the origin. Select the Smart Dimension 
Tool, and dimension the diameter of the circle as 
0.50 inches, as shown in Figure 5.81. 

Select the Extruded Boss/Base Tool from the Features 
group of the CommandManager, and extrude the cir¬ 
cle 1.50 inches, in the direction shown in Figure 5.82. 

Select the face shown in Figure 5.83, and select the 
Normal To View. 



Select the Circle Tool from the Sketch 
group of the CommandManager. Draw a 
circle centered at the origin. Select the 
Smart Dimension Tool and dimension 
the diameter of the circle as 0.75 inches, 
as shown in Figure 5.84. 


FIGURE 5.82 



FIGURE 5.83 
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Select the Extruded Boss/Base Tool from the Features group of the Command- 
Manager, and extrude the circle 0.50 inches to form the head of the screw, as 
shown in Figure 5.85. 

Select the top of the screw head, as shown in Figure 5.86. Choose the Normal To 
View. 


FIGURE 5.85 
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Select the Polygon Tool from the Sketch group of 
the CommandManager, as shown in Figure 5.87. 
Drag out a polygon from the origin, as shown in 
Figure 5.88. By default, the number of sides is six 
(a hexagon). 

Deselect the Polygon Tool, and click on one of the 
sides of the hexagon to select it. Add a Horizontal 
relation to the side, as shown in Figure 5.89. 

Select the Smart Dimension Tool from the Sketch 
group of the CommandManager, and add a 0.375- 
inch dimension between two opposite sides of the 
hexagon, as shown in Figure 5.90. 


FIGURE 5.87 
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The sketch is now fully defined. 


FIGURE 5.88 


FIGURE 5.89 
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FIGURE 5.92 



Select the Extruded Cut Tool from the Features group of 
the CommandManager, and extrude a cut 0.245 inches 
deep to form the hex socket in the head, as shown in 

Figure 5.91. 

While screw threads can be modeled as solid features 
with the Thread Tool, this is rarely done, since it can 
slow down the performance of your computer. Also, 
since they are standardized, the thread profiles are not 
required in order to specify them on a drawing. Rather, 
cosmetic threads, graphical features used to show the 
threaded regions, are much more commonly used. 
Cosmetic threads can be added to any cylindrical 
feature. 

Select the edge where the threads will begin, as shown 

in Figure 5.92. 

Select Insert: Annotations: Cosmetic Thread from the 
main menu, as shown in Figure 5.93. 


FIGURE 5.93 


Insert | Tools Window Help X | 


Boss/Base ► 

Cut ► 

© K «S" 0 

Rattem/Mirror ► 

Pattern ^Draft fjp 

Fastening Feature ► 

FeatureWorks ► 

- . . 9- its 

Surface 

PP 

Face > 

1 

Reference Geometry - 


Sheet Metal ► 

Weldments ► 

Molds ► 

Exploded View- 


Bfl Model Break View- 

A Note. 

» Part... 

P Balloon... 

Q Sketch 

V Surface Finish Symbol- 

(5o 3D Sketch 

gj„ 3D Sketch On Plane 

/n Weld Symbol. 

@n Geometric Tolerance- 


111 Datum Feature Symbol- 
Datum Target- 

DXF/DWG™ 

v Cosmetic Thread- _ 

Design Study ► 

■ Area Hatch/Fill 

Annotations ► 

Customize Menu 

Object- 

Hyperlink... 


Customize Menu 



Set the thread length as 1.00 inch, the minor 
diameter as 0.40 inches, and other options as 
shown in Figure 5.94. Click the check mark to 
add the thread. Switch to the Front View. The 
resulting thread display is shown in Figure 5.95 
(shown in wireframe mode for clarity). 

FIGURE 5.94 FIGURE 5.95 _ 
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The minor diameter is the diameter at the “root” 
of the thread. The actual minor diameter value of 
a UNC (unified series coarse) 1 /2-inch thread is 
0.408 inches. Since the minor diameter of the 
cosmetic thread is only for display purposes, 
using an approximate value is acceptable. 
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If preferred, the cosmetic 
thread can be displayed with a 
shaded thread pattern on the 
surface rather than with the 
dashed lines shown in Figure 
5.95. If you want to change 
the display mode of the cos¬ 
metic thread, choose the 
Options Tool, and under the 
Document Properties tab, 
click on Detailing. Click on 
the “Shaded cosmetic threads” box, as shown in Figure 5.96. The resulting display 
is shown in Figure 5.97. Note that some limited-release versions of the software may 
not support the display of shaded threads. 

The definition of the thread appears in the FeatureManager, attached to the cylindri¬ 
cal feature that is to be threaded, as shown in Figure 5.98. 

FIGURE 5.98 
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FIGURE 5.97 
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Save the part file as “Cap Screw.” 

We have now defined one configuration of the cap screw. To define more configu¬ 
rations, we are going to create a design table. 


We will need to access all of the dimensions used to create the part. 


To show the dimensions, right-click on 
Annotations in the FeatureManager, and 
select Show Feature Dimensions, as shown 

in Figure 5.99. 


FIGURE 5.99 
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Move the dimensions around the screen so that 
they are all easily visible, as shown in Figure 
5.100. 

If desired, the display of dimensions can be 
changed so that the text is always oriented relative 
to the screen by clicking the Options tool, selecting 
System Options: Display and checking the box 
labeled “Display dimensions flat to screen.” Note 
that if the dimensions of the cosmetic thread do not 
appear, you should locate the cosmetic thread in 
the FeatureManager, right-click on it, and select 
Edit Feature. Without editing, simply close the 
PropertyManager, and the dimensions should 
appear. 


FIGURE 5.100 
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From the main menu, select Insert: Tables: Design Table, as shown in Figure 5.101. 


In the PropertyManager, leave the Source option as Auto-create. In the Edit Control 
box, choose the second option, as shown in Figure 5.102, so that dimensions entered 
in the table cannot be changed outside of the table. Clear all of the options for adding 
new rows and columns, and click the check mark to begin creating the table. 


A dialog box will open, prompting you to select the dimensions that will be included 
in the table, as shown in Figure 5.103. Select all of them by clicking on the first and, 
while holding the Shift key, clicking on the last. Click OK. 


FIGURE 5.101 


FIGURE 5.102 


FIGURE 5.103 
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FIGURE 5.104 



FIGURE 5.105 


FIGURE 5.106 


Design Table for: Cap Screw 


Default 0.5 1.5 0.75 0.5 0.375 0.245 




A window containing a Microsoft Excel 
spreadsheet will open, as shown in Figure 
5.104. Note that the Excel tools are available 
at the top of the screen whenever the table is 
open. Be careful not to click in the white 
space of the graphics window while the table 
is open; doing so will close the table. If you 
close the table accidentally, you can re-open it 
by clicking on the ConfigurationManager tab 
above the FeatureManager, right-clicking the 
table name in the ConfigurationManager, and 
selecting Edit Table. 

Note that row 2 of the table contains the 
SOLIDWORKS name of each dimension, and 
row 3 contains the current values of the 
dimensions as the “default” configuration. 
The only dimension that we will need to add man¬ 
ually is the thread length, since dimensions asso¬ 
ciated with cosmetic threads are not automatically 
added to design tables. 

Click in cell H2 to select it, as shown in Figure 
5.105. Double-click the dimension defining the 
length of the cosmetic threads, as shown in Figure 


FIGURE 5.107 
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FIGURE 5.108 
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Design Ta 


5.106. 

The name of the dimension will be placed in cell H2. The 
dimension’s current value (1 inch) will be placed in cell H3, as 
shown in Figure 5.107. 


FIGURE 5.109 
C + D 


FIGURE 5.1 10 


To use a larger font size, click the blank area in the upper left 
corner of the table, as shown in Figure 5.108. This selects all of 
the cells in the table. Choose a new font size (14-16 point is a 
good choice) from the Home group of the Excel tool ribbon. To 
adjust the width of each column, move the cursor to the right 
boundary of the column’s header, as shown in Figure 5.109, and 
click and drag to change the width. Change the column widths 
so that all of the digits of the dimensions are 
_ displayed. 
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Change the name of the default configuration 
to “Part 101” in cell A3. Enter two more con¬ 
figurations and their dimensions in the table, 
as shown in Figure 5.110. 

When the table is closed, the program will 
search column A (below row 2) for configu¬ 
ration names, much like a lookup table in 
Excel. 
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Click in the white space in the modeling window, outside of the 
spreadsheet window. This will cause the design table to close, 
and a message will be displayed that indicates the new configu¬ 
rations have been created, as shown in Figure 5.111. Click OK. 

Note that the part has not changed on the screen. That is because 
the default configuration is the one with the dimensions used to 
model the part originally. To view the new configurations created 
from the design table, we need to use the ConfigurationManager. 


FIGURE 5.1 I I 



At the top of the FeatureManager, there FIGURE 5.112 

are tabs corresponding to the -,-,-,-,-. 

FeatureManager, PropertyManager, ^ i m i Be . ^ 9 
ConfigurationManager, DimXpert V 
Manager, and DisplayManager. (There 
could be other tabs as well, if certain add¬ 
ins are present.) 

Click on the icon representing the ConfigurationManager, as shown in Figure 

5.112. 


FIGURE 5.1 13 
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► Hal Tables 
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In the ConfigurationManager, double-click on Part 103, 
as shown in Figure 5.113. 

The part is rebuilt to the dimensions specified in the design 
table for Part 103, as shown in Figure 5.114. Dimensions 
controlled by the design table may appear in a different 
color on your screen. Note that when you move a dimen¬ 
sion, you will receive a message that the dimension’s value 
cannot be edited, as shown in Figure 5.115. 


FIGURE 5.1 14 



One dimension that was left unchanged is the minor 
thread diameter of the cosmetic thread. Since this is not a 
dimension used to define the part, we did not include it in the 
design table. However, we would like to have the display of the 
cosmetic thread look reasonable on the screen. We can add an 
equation to control this dimension. In the previous section, we 
established equations that related model parameters to a user- 
defined variable. In this model, we will establish an equation 
directly between two model parameters. 


FIGURE 5.1 15 


▲ 


You attempted to change a field that is currently 
locked by a design table. Changes to this field are not 
permitted unless you unlock the corresponding cell in 
the design table and/or remove any existing formulas 
in the cell. 


1 — 51^1 


From the main menu, select Tools: Equations. 


Click the Add equation cell to create a new equation. Click on the dimension rep¬ 
resenting the minor thread diameter (0.400). In the Value/Equation column, type 
“0.8*”. Click on the dimension representing 
the diameter of the shank (cpl.00). The equa- FIGURE 5.116 
tion should appear as shown in Figure 5.116. 



— Equations 




"D2@Cosmetic Thread 1' 

=0.8*‘D1 ©Sketch 1' flHv? 








































176 Part One Learning SOLIDWORKS 


FIGURE 5.1 17 

2 0 . 800 ^ 


Click the check mark to evaluate the equation, and OK again to close the dialog 
box. 


FIGURE 5.1 18 
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The updated thread diameter is shown in 

Figure 5.117. 

Click on the FeatureManager tab to return to 
the FeatureManager. Right-click Annotations 
in the FeatureManager, and select Show 
Feature Dimensions, as shown in Figure 5.118, 
to turn off the display of the dimensions on 
the screen. Change back to the Part 101 con¬ 
figuration, and save the part file. 


5.4 Incorporating a Design Table in a Drawing 

We now will make a single drawing that details all three configurations of the cap 
screw. 


Open a new drawing. 

Choose an A-size land¬ 
scape sheet size, and 
either uncheck the 
“Display sheet for¬ 
mat” box for a plain 
sheet, or select the 
sheet format that you 
created in Chapter 2. 

If the Model View 
command does not 
start automatically, 
then select the Model 
View Tool from the 
Drawings group of the 
CommandManager. If 
desired, check the box 
labeled “Start com¬ 
mand when creating new drawing,” as shown in Figure 
5.119. Click on the Cap Screw in the Open documents box, 
or browse to find it. Click the Next arrow in the 
PropertyManager. 




Select “Create multiple views,” and select the Front and Right Views. Choose the 
wireframe display style with the hidden lines visible, as shown in Figure 5.120. 
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Click the check mark to create the views, which are shown in Figure 5.121. 
FIGURE 5.121 



The model views that are created reflect the configuration that is current when the 
drawing is created. The configuration used for any model view can be changed by 
clicking on that view, and changing the Reference Configuration in the Drawing 
View PropertyManager. For this tutorial, the configuration used is not important. 


FIGURE 5.122 


Cap Screw - Sheetl * ® 



With one of the drawing views selected, select 
Design Table from the Tables Tool in the 
Annotation group of the CommandManager, as 
shown in Figure 5.122. 


Tables 


55 General Table 

^ Hole Table 

% Bill of Materials 

% Excel based Bill of Materials 

% Revision Table 

Ejfc Design Table K _ 

8|. Weld Table 
^ Bend Table 
Punch Table 


The design table is inserted into the drawing, as 
shown in Figure 5.123. The design table can be 
moved on the drawing sheet by clicking and drag¬ 
ging it, but the format of the table is not what we 
want. There are blank rows and columns visible, 
dimensions are shown to only the number of dec¬ 
imal places we input, and so on. We will now edit 
the table to improve its appearance. 


FIGURE 5.123 
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FIGURE 5.124 



FIGURE 5.125 
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Double-click on the design table, and you will 
be taken back to the part screen, with the 
spreadsheet open in a window, as shown in 

Figure 5.124. 

Remember that the design table is a Microsoft 
Excel spreadsheet, and we will be editing it the 
same way we would edit any other Excel 
spreadsheet. To begin, the first two rows do not 
need to be displayed on the drawing. We cannot 
delete them, since they contain information nec¬ 
essary to the design table, but we can hide them. 

Click and hold the mouse button on the number 

1 on the left side of the spreadsheet, drag the 
cursor down onto the 2, and release. Rows I and 

2 will be highlighted, as shown in Figure 5.125. 
Right-click, and select Hide. 

Select Columns B-H. Click the Center icon on 
the Excel menu, as shown in Figure 5.126. 


FIGURE 5.126 



FIGURE 5.127 


jm D-.r+ 1 ni 

Cut 

% copy 


75 


I p Paste Options: 

tn 

Paste Special- 

Insert 

k 

Delete 

Clear Contents 


FIGURE 5.128 
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We will now add headers to our table. We hid the row 
containing the SOLIDWORKS names of the dimensions, 
and we will now add a row that contains more descriptive 
names. 

Right-click on the “3” at the left side of the table, and 
select Insert, as shown in Figure 5.127. In the new row 
that is inserted, type “Diameter” in the cell in column 
B, as shown in Figure 5.128. 
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Note that the text is rotated 90 degrees. By default, the SOLIDWORKS dimension 
names were rotated to save space. However, for displaying on our drawing, we 
would prefer that the names are not rotated. 


Click on the “3” on the left side of the 
table to select that row. Click the arrow 
beside the Orientation Tool in the Home 
group of the Excel ribbon, as shown in 
Figure 5.129. The Rotate Text Up tool is 
selected; click to de-select it, as shown in 
Figure 5.130. 

Enter the other names, as shown in Figure 
5.131. Adjust the column widths so that 
the labels are displayed completely. To 
show the longer names on two lines, high¬ 
light the desired cells and choose the Wrap 
Text Tool, as shown in Figure 5.132. 


FIGURE 5.129 
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Rotate your text diagonally or 
vertically. This is a great way to 
label narrow columns. 
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Be sure to leave cell A3 FIGURE 5.131 _ 

blank. Recall that column 

A . j r r- Head Head Hex Hex Thread 

IS reserved for COnflgU- Diameter Length Diameter Height Width Depth Length 

ration names. 

Highlight all of the cells containing numerical values. Click the 
Increase Decimal Tool, shown in Figure 5.133, until all values are 
shown to three decimal places. 

Click and drag the “handle” at the lower right corner of the table 
until all blank rows and columns are hidden, as shown in Figure 
5.134. Click in the white space of the graphics area to close the 
table. From the menu, select Window and choose the name of the 
drawing. 


FIGURE 5.132 



FIGURE 5.133 


FIGURE 5.134 
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FIGURE 5.135 


Head Head Hex Hex Thread 

Diameter Length Diameter Height Width Depth Length 

Part 101 0.500 1.500 0.750 0.500 i 0.375 0.245 1.000 

Part 102 0.750 2.000 1.125 0.750 0.625 0.370 1.500 

Part 103 1.000 3.000 1.500 1.000 0.750 0.495 2.000 



Click on the Rebuild Tool to update the design 
table in the drawing, which now appears as shown 

in Figure 5.135. 

Before adding dimensions to the drawing, we need 
to add a view. Since the depth of the hex cavity 
needs to be dimensioned, we will add a section view 
of the head. This will let us avoid dimensioning a 
hidden feature. It is good practice to refrain from 
using hidden lines for dimensioning. 

Zoom in on the head of the screw in the Front 


FIGURE 5.136 FIGURE 5.137 



View. Choose the Line Tool from the Sketch group 
of the CommandManager, as shown in Figure 5.136. 
Hold the cursor momentarily at the midpoint of 
the top edge of the head to “wake up” this feature 
as shown in Figure 5.137. Move the cursor to the 
right, as shown in Figure 5.138. The coincident 
relation icon will appear, indicating that the cursor 
is aligned horizontally with the midpoint of the 
top edge of the head. Click and drag a horizontal 
line through the head, as shown in Figure 5.139. 
Note the coincident and horizontal relation icons. 

Click the check mark, and hit esc to close the 

Line Tool. 


FIGURE 5.138 
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Select the horizontal line, and create a partial 
section view by choosing the Section View Tool 
from the View Layout group of the 
CommandManager, as shown in Figure 5.140. 
Drag the section view away from the Front 
View and click to place it. Right-click, and 
choose Alignment: Break Alignment, as shown 
in Figure 5.141. 


FIGURE 5.140 


FIGURE 5.141 


4-i 

i 

<-■ 

Section 

a 

Detail 

a B&a 

Broken-out Break Crop 

View 

b 

View 

Section View View 


Section View 


Adds a section view,aligned section 
view, or half section view by cutting 
the parent view with a section line. 


tff 1 Select Other 

Selection Tools ► 


Zoom/Pan/Rotate ► 

Recent Commands ► 


View (Drawing View3) 


Lock View Position 

Lock View Focus 

Isometric Section View 

1 

Alignment ► 

Break Alignment 

Reset sketch visibility 

Align Horizontal by Origin 

Tangent Edge ► 

Align Vertical by Origin 

Jump to Parent View 

Align Horizontal by Center 

Comment ► 

ran 

Align Vertical by Center 





































































Chapter 5 Parametric Modeling Techniques 181 


You will now be able to click and drag the section view to any location on the 
sheet, as shown in Figure 5.142. Change the font on the section label if desired. 

FIGURE 5.142 



We will now add dimensions to the drawing. Since we want most of the dimensions 
to appear in the Front View, we will import dimensions into that view first. 


Select the Front View. Select the Model Items 
Tool from the Annotations group of the 
CommandManager. In the PropertyManager, 
select Entire Model as the source, as shown in 
Figure 5.143. Make sure that the box labeled 
“Import items into all views” is unchecked. 
Click the check mark to apply the dimensions. 


FIGURE 5.143 
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FIGURE 5.144 



Repeat for the Right View 
and then for the section 
view, so that all dimensions 
are imported, as shown in 

Figure 5.144. 

The dimensions shown are 
for the Part 101 configura¬ 
tion, which was the configu¬ 
ration selected when the part 
file was saved. If you saved 
the part with another config¬ 
uration selected, then the 
dimensions will be different. 
This is not a problem, as we 
will be replacing the numeri¬ 
cal values with the dimension 
names. 


The dimensions defined by the design table may be shown in a different color than 
black. (The default color is magenta.) While this may be desirable in the part file, for 
the drawing we would prefer that all dimensions be displayed in black. 

Select the Options Tool. Under the System Options tab, select Colors and scroll 
down the list of entities to find “Dimensions, Controlled by Design Table,” as 
shown in Figure 5.145. Select Edit, and set the color to black. 


FIGURE 5.145 


System Options - Colors 



Move the dimensions and/or views on the screen so that they are all visible. 

The dimensions displayed are those for one configuration. To make this drawing 
one that defines the dimensions for all configurations, we need to display the dimen¬ 
sion names in the drawing views. 
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Click on the dimension defining the length, as shown in Figure 5.146. In the 
PropertyManager, replace the “<DIM>” in the Dimension Text box and type in 
“Length,” as shown in Figure 5.147. A message will appear, warning you that any 
tolerances specified for this dimension will not be displayed (see Figure 5.148). 
Check the “Don’t ask me again” box, and click Yes. 


FIGURE 5.146 


FIGURE 5.147 
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Repeat for the other dimensions. Add 
a note calling out UNC-2A threads 
(UNC = Unified Standard Coarse 
series, 2 = tolerance level, A = exter¬ 
nal threads) and a note specifying 
inches as the dimensions. The com¬ 
pleted drawing is shown in Figure 
5.149. 


FIGURE 5.148 



FIGURE 5.149 
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PROBLEMS 



P5.1 Consider the flange model developed in Chapter 1. Create a “blank” for this part 
(without the holes), as shown in Figure P5.IA, using the following procedure: 

a. Sketch a 5.5-inch diameter circle on the Top Plane, and extrude it upward 
2.25 inches to create a solid cylinder (Figure P5.1B). 

b. In the Front Plane, sketch a “cutting tool” to create the flange “blank” from the 
solid (Figure P5.IC). 

c. Use the Revolved Cut command to create the blank. 


FIGURE P5.IA FIGURE P5.IB 



FIGURE P5.IC 
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P5.2 Create a solid box, as shown in Figure P5.2A. Using equations, set the depth d 
= 2 w, and the height h = 3 w, where the width w is the driving dimension. 
Show the box for a few different values of the driving dimension, as shown 

in Figure P5.2B. 


FIGURE P5.2A FIGURE P5.2B 



P5.3 Model the bracket shown in Figure P5.3A. Use only the 
dimensions shown in Figure P5.3B; use relations and 
symmetry as required so that these dimensions 
completely define the part. (The fillet radius, 0.125 
inches, is the same for the three fillets.) 

Add equations to the model so that these relationships 
exist between the dimensions: 

1. Height = 0.40 * Width 

2. Leg Depth = 0.50 * Height 

3. Hole Spacing = Width - 2 inches 

4. Hole Location = 0.50 * (Height - 0.25 inches) 

5. Slot Width = 0.50 * Hole Spacing 

6. Slot Location = 0.50 * Leg Depth 


FIGURE P5.3A 



Check to see that the 
equations work for Width 
values from 3 to 8 inches. 

Note: The slot can be 
created using the Slot 
Tool from the Sketch 
group of the 
CommandManager. 


FIGURE P5.3B 
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P5.4 In this exercise, you will model a part in which an integer design parameter (number 
of holes) is controlled by an equation. 

a. Model the part shown in Figure P5.4A. Use a linear pattern to place the second 
hole. Show all of the dimensions by right-clicking on Annotations in the 
FeatureManager and clicking on “Show Feature Dimensions.” 

b. Add an equation so that the number of holes is equal to the length of the part 
(4 inches in the current configuration) divided by two. Therefore, there will be 
one hole for every 2 inches of length. Show only the dimensions shown in Figure 
P5.4B by right-clicking on each of the other dimensions and selecting “Hide.” 

c. Change the length of the part to 5 inches, as shown in Figure P5.4C. Note that the 
program has rounded the value of the equation (2.5) to the closest integer value 

(3). 

d. Add a second equation to change the value of the dimension specifying the 
location of the first hole so that the holes will be centered on the part, as shown in 

Figure P5.4D. 

Experiment with several values of length to show that the equations produce the 
desired results, as shown in Figures P5.4E and P5.4F. 


FIGURE P5.4A 


FIGURE P5.4B 




FIGURE P5.4C 
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FIGURE P5.4E FIGURE P5.4F 



P5.5 Revisit the perforated board created in Problem P3.5. Add equations to 

resize the overall board dimensions based on the number of holes needed in 
the board (using the same hole size and spacing used in the original 
problem). Show that the equations work by generating new boards for the 
following cases: 

a. A 70 x 50 grid of holes 

b. A 80 x 30 grid of holes 

c. A 45 x 15 grid of holes 


P5.6 Revisit the hacksaw blade created in Problem P3.6. Add equations to 

calculate the proper tooth spacing and number of teeth in the linear pattern 
based on the blade length (the 12-inch dimension in Figure P3.6C) and the 
tooth length (the 0.050-inch dimension in Figure P3.6D). Show that the 
equation works by creating blades for the following three cases: 

a. 18-inch length, 0.050-inch tooth length 

b. 15-inch blade length, 0.060-inch tooth length 

c. 15.5-inch length, 0.060 inch-tooth length 


P5.7 


Consider the heat sink from Problem P3.9, which is shown in Figure P5.7A. 
Make a copy of this part, and add equations as follows (refer to Figure 
P5.7B for the dimension names): 

1. The depth = one-half of the width, plus 10 mm. 

2. The fin height = one-third of the width. 

3. The number of fins = the width divided by 6 mm. 

4. The offset distance to the first fin is such that the fins are placed 
symmetrically of the part. 


Show that the equations work correctly for 
width values from 60 to 180 mm. 

FIGURE P5.7A 
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P5.8 Use a design table to create the W18 series of wide-flange shape 
beams, according to Figure P5.8 and Table P5.8. The model of the 
beam should be extruded to 36 inches in all configurations. 


FIGURE P5.8 





Designation 

Depth d 

Flange width b 

Flange thickness T 

Web thickness t 

WI8 X 106 

18.73 

11.200 

0.940 

0.590 

WI8 X 76 

18.21 

11.035 

0.680 

0.425 

WI8 X 50 

17.99 

7.495 

0.570 

0.355 

WI8 X 35 

17.70 

6.000 

0.425 

0.300 


Note: All dimensions in inches. 


P5.9 Create a multiconfiguration drawing of the model created in Figure P5.8. 

P5.10 Make a copy of the flange created in 

Chapter 1, which is shown in Figure P5.I0A 
with some of the dimensions hidden. Create 
three different configurations of the flange (the 
flange as created in Chapter 1 will be the first 
configuration), using both equations and a 
design table, as detailed below. 

a. Add two equations: 

(1) The boss diameter (2.75 in.) is equal 
to one-half of the flange diameter 
(5.50 in.). 

(2) The center hole diameter (1.50 in.) 
is equal to the boss diameter minus 
1.25 inches. 

b. Create a design table to define the 
dimensions of two additional configurations, 
as specified in Table P5. 1 0. 

c. Make a 2-D drawing showing the three configurations, with only the dimensions that 
change shown, as in Figure P5.I0B. This type of drawing is used often in product 
literature and catalogs to illustrate the relative sizes of different parts. 

Insert three Front Views and three Top Views in the drawing. Right-click on each view and 
select Properties, and select the appropriate named configuration for each view. Hide 
unwanted dimensions by selecting View: Hide/Show Annotations from the main menu and 
selecting the dimensions to be hidden. Press the Esc key to return to the normal drawing 
mode. 



Table P5.I0 


Flange 

Diameter 

Height 

Bolt circle diameter 

Number of bolt holes 

Part 1 

5.5 

2.25 

4.25 

4 

Part 2 

7.0 

3.00 

5.25 

6 

Part 3 

8.0 

3.50 

6.25 

8 


Note: All dimensions in inches. 
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To precisely align the views, select a view, right-click, and choose Align: 
Align Horizontal by Origin, and select another view to align to. Repeat 
until all views are aligned. 


FIGURE P5.I0B 
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P5.10 Flanges 


P5.ll An O-ring is an elastomeric seal in the shape of a 
torus, as shown in Figure P5.I I A. Standard sizes of 
O-rings used in the United States are defined by a 
Society of Automotive Engineers (SAE) 
specification. Create a solid model of an O-Ring, 
with the six configurations as detailed in Table 
P5.11. (Note that while it is normally good practice 
to dimension to the centers of circular features 
rather to their edges, O-rings are defined by their 
inner diameters. This allows a design engineer to 


FIGURE P5.I IA 
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Table P5.11 


Part Number 

Inner Diameter 

Thickness 

125 

1.299 ± .020 

.103 ± .003 

142 

2.362 ± .020 

.103 ± .003 

235 

3.109 ± .024 

.139 ± .004 

254 

5.484 ± .035 

.139 ± .004 

350 

4.600 ± .030 

.210 ± .005 

362 

6.225 ± .035 

.210 ± .005 


determine how much the seal will 
have to stretch to fit into a groove 
of a specified size.) Make a multi¬ 
configuration drawing, as shown in 

Figure P5.I IB. 

When adding the inner diameter 
dimension to the sketch defining the 
part geometry, note that the Smart 
Dimension Tool attempts 
to define the dimension to the 
center of the circle representing the 
O-ring cross-section. To dimension 
to the edge of the circle, use the 
Point Tool to add a point to a 
quadrant point of the circle, and 
dimension to that point. 


FIGURE P5.I IB 



While the tolerance values cannot be used to change values within the part (even if you 
define the tolerance associated with a dimension on the part file, only the nominal value 
appears in the design table), they can be added in separate columns in the design table. To 
add the plus/minus symbol, select Insert: Symbol from the Excel tools. 





















CHAPTER ^ 

Creation of 
Assembly Models 



Introduction 


In the preceding chapters, the development of solid models of parts was 
covered in detail. In this chapter, methods for combining such part mod¬ 
els into complex, interconnected solid models will be described. These 
types of models, composed of interconnected part models, are called 
assembly models. 


The assembly that will be con¬ 
structed in this chapter is a model of 
a hinged door, as shown in Figure 
6 . 1 . 

The chapter will begin with a tuto¬ 
rial describing the construction of 
the part models of the components 
used in this assembly. After the 
models are constructed, they will be 
interconnected into an assembly 
model. The assembly model will be 
used to demonstrate the creation of 
an exploded configuration of the 
model. 



6.1 Creating the Part Models 

Before an assembly can be created, the parts to be assembled must be 
modeled. In this first step, solid models of the hinge and door compo¬ 
nents will be created. 


Chapter Objectives 

In this chapter, you will: 

■ create holes using the 
Hole Wizard, 

■ learn to import part 
models into an assembly, 

■ use assembly mates to 
define how components 
fit together in an 
assembly, 

■ add assembly-1 eve I 
features to a model, 

■ create an exploded con¬ 
figuration of an assembly 
model, and 

■ create an animation of an 
exploded assembly. 


The first model that we will create is the hinge component. 
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Start a new part model, and 
sketch a horizontal line from 
the origin and a tangent arc in 
the Front Plane, as shown in 

Figure 6.2. 

Add a horizontal relation 
between the center point and 
endpoint of the arc, and dimen¬ 
sion the sketch as shown in 

Figure 6.3. 

The sketch should now be fully 
defined. While in previous exer¬ 
cises we have used sketches with 
closed contours to make extru¬ 
sions, in this case we will use the 
open-contour sketch to create a 
thin-feature extrusion. 




Create an Extruded Base. Note 
that the Thin Feature box is 
checked, since the sketch con¬ 
tour is open. Set the extrusion type to Mid Plane, the extrusion length to 4 inches, 
and the Thin Feature thickness to 0.25 inches, as shown in Figure 6.4. Set the Thin 
Feature direction such that the 0.5-inch radius applies to the exterior of the hinge, 
as shown in the preview in Figure 6.5. 


The completed extrusion is shown in Figure 6.6. 





Change if 
necessary 
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FIGURE 6.7 



Select the top horizontal surface of the 
hinge, as shown in Figure 6.7, for the next 
sketch. Choose the Normal To View. 


FIGURE 6.9 
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Sketch the I-inch square area to 
be cut away from the basic hinge 
shape, as shown in Figure 6.8. Use 
snaps and/or relations to align the 
edges of the square with the edges 
of the hinge, so that the sketch is 
fully defined with only the single 
dimension shown. 


Use the Extruded Cut Tool to cut Through 
All - Both, as shown in Figure 6.9. 

The result of the cut is shown in Figure 6.10. 


Select Cut-Extrude I from the 
FeatureManager, and define a lin¬ 
ear pattern to create another 
instance of this feature 2 inches 
along the horizontal edge of the 
hinge, as shown in the preview in 
Figure 6.11. 


FIGURE 6.8 


r 

1.000 


The completed pattern is shown in 
Figure 6.12. A pattern of counter¬ 
sunk screw holes will now be 
added to the hinge. Since fastener 
holes are generally of standard 
dimensions, an intelligent design 
tool known as the Hole Wizard will 
be used to create the holes. 



FIGURE 6.1 I 


FIGURE 6.12 
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FIGURE 6.13 
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FIGURE 6.14 



Choose the Hole Wizard Tool from the Features group of the Command Manager, 
as shown in Figure 6.13. 

The Hole Wizard dialog box appears. The Hole Wizard can be used to create 
holes to accommodate most standard fastener types. We will create counter¬ 
sunk holes for #10 flat head wood screws. (Screw diameters are designated by 
a number from 1 to 12, after which they are designated by the diameter as a 
fraction of an inch. A #10 screw has a diameter of 0.190 inches.) 

In the Hole Specification PropertyManager under the Type tab, click to set 
the hole specification to Countersink. Set the Standard to Ansi Inch, the 
Type to Flat Head Screw (82), the size to #10, and the End Condition to 
Through All, as shown in Figure 6.14. Click the Positions tab in the 
PropertyManager to initiate the Hole Position PropertyManager. 

We are now prompted to enter the hole location, as shown in Figure 6.15. We 
will create a single hole, and replicate it using a linear pattern. 

Change to the Top View. Click on the flat surface, then place the center of 
the hole by clicking in the approximate location shown in Figure 6.16. 


FIGURE 6.15 
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Select the face for the hole or slot 
position. 



Select the Smart Dimension Tool, and add dimensions to the hole location as 
shown in Figure 6.17. 

Click the check mark to create the hole, which is shown in Figure 6.18. 


FIGURE 6.17 




—.300 





1 

1.000 

l 





FIGURE 6.18 
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Select the new hole from the FeatureManager, and create a linear pattern with 
four total instances of the hole, spaced 2 inches along the long side of the hinge 
and 0.9 inches along the short side, as shown in the preview in Figure 6.19. 

The final model of the hinge is shown in Figure 6.20. Since it will be used in a later 
assembly it must be saved. 

FIGURE 6.19 FIGURE 6.20 




Save this using the file name “Hinge,” and close the file. 

Now, the second major component will be created. 


Open a new part, and sketch a 16-inch by 16-inch square in the Front Plane, cen¬ 
tered about the origin. Extrude it 2.5 inches. 


This base feature is shown in Figure 

6 . 21 . 

On the front face, sketch a 10-inch 
square centered about the origin. 
Extrude it I inch from the face. 


FIGURE 6.21 
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This completes the second component, as shown in Figure 6.22. When we assemble 
the parts later, it will be helpful if they are different colors. 

If desired, select the Edit Appearance Tool from the Heads-Up View Toolbar, as 
shown in Figure 6.23. Pick the new color for the hatch, and click the check mark to 
close the Color PropertyManager. 

Save it using the file name “Hatch.” Close the file. 

FIGURE 6.22 FIGURE 6.23 




These parts will now be used to create a model of the door assembly. 


6.2 Creating a Simple Assembly of Parts 

The features of the software that we will employ are the assembly capabilities. 
Assemblies are complex solid models that are made up of simpler part models, with 
specifically defined geometric relationships between the parts. The SOLIDWORKS 
program provides us with the ability to relate surfaces and other geometric features 
of one part to those of another part. For example, we could: 


• Define two flat surfaces as coincident : This places the two flat surfaces in 
the same plane. 

• Define two flat surfaces as parallel. 

• Define two flat surfaces a preset distance apart: This makes the two 
surfaces parallel, with a specified distance between them. 

• Define two lines or planes as perpendicular to one another. 

• Define two lines or planes at a preset angle to one another. 
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• Define a cylindrical feature as concentric with another cylindrical 
feature: This aligns the axes of two cylindrical features. 

• Define a cylindrical feature as tangent to a line or plane. 


These geometric relationships are called mates. There are many other geomet¬ 
ric relationships that can be accommodated as well. 

In this section, a tutorial will be presented in which we will create a simple 
assembly by attaching a set of hinges to the hatch component, as shown in 
Figure 6.24. This assembly will be used in the following chapter as a small 
assembly (subassembly) within a larger assembly. 


To begin creating an assembly 
model, start a new document. 
Click on the Assembly icon (Figure 
6.25), and click OK. 




A new assembly window will be created. 
For the purposes of this assembly, the 
main “base” part will be the hatch. We 
will begin by importing this component 
into the assembly. 


FIGURE 6.26 







The PropertyManager will open, as shown in Figure 6.26. If the 
Automatic Browse option is checked in the PropertyManager, 
then the box shown in Figure 6.27 will also open. If not, then 
click on Browse. (Note: If the PropertyManager does not appear 
when you start a new assembly, select Insert: Component: 
Existing Part/Assembly from the main menu.) 

Browse to the location where the hatch file was saved, as 
shown in Figure 6.27, and open it. If necessary, change the 
file type option to Part (*.prt, *.sldprt) to find the part files. 

FIGURE 6.27 
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DESIGN INTEN T) Planning an Assembly Model 


When we imported the first part into our assembly, we 
were careful to locate the part at the origin of the 
assembly space. More precisely, we made the origin 
of our part model coincident with the origin of the 
assembly space, and therefore also made the Front, 
Top, and Right planes of our part model coincident 
with the corresponding planes in the assembly space. 
This is not strictly necessary; we could have located 
the origin of the part model anywhere in the assembly 
space. However, by taking advantage of the default 


Front, Top, and Right planes (as well as the origin), 
we can use these as references for the addition of new 
features (such as holes, bosses, etc.) at the assembly 
level (as we will do later in the chapter), as well as in 
construction of assembly drawings (as we will do in 
Chapter 8). Judicious choice of the location of the first 
part we bring into an assembly can simplify subse¬ 
quent tasks, if we anticipate our future use of the 
assembly model. 


FIGURE 6.28 
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FIGURE 6.29 
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As prompted by the message shown in Figure 6.28, click the check mark (the 
OK button) to insert the hatch part at the origin. 

This will import the hatch model into the assembly, with the origin and default 
planes of the hatch coincident with the origin and default planes of the assembly 
window. 

From the Heads-Up View Toolbar, click the Apply Scene Tool and select Plain 
White as the background, as shown in Figure 6.29. (See appendix A for 
instructions on the creation of an assembly template.) 

Note that the name of the component (Hatch) now appears in the 
FeatureManager (Figure 6.30). The designation (f) means that the component is 
“fixed”; it is fully constrained in the assembly window, and cannot be moved 
or rotated. Note the Mates group at the bottom of the 
FeatureManager. As we define the geometric relations 
between components, these relations will be stored 
under this Mates group. 

The hinge component will now be brought into the 
assembly. Note that the CommandManager has an 
Assembly group containing many of the tools we will 
use in assembling the components. 


FIGURE 6.30 
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FIGURE 6.31 
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FIGURE 6.32 



Select the Insert Components Tool 
from the Assembly group of the 
CommandManager, as shown in Figure 

6.31. Browse to find the hinge file. 
Click Open, and move the hinge to the 
approximate position shown in Figure 

6.32. Click to place the hinge. 
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This will import the hinge component, with its origin located at the point selected. 
The exact position and orientation are not important at this point, since the Mate 
Tool will be used to establish the position and orientation with respect to the base 
part. 

Note that the name of the hinge component now appears in the FeatureManager, 
with the (-) designation preceding it. This designation indicates that the component 
is “floating,” and can be moved or rotated (as its degrees of freedom allow). 

Although the CommandManager contains Move Component and Rotate Component 
Tools, parts can also be moved or rotated directly with click-and-drag operations. 

Click on the hinge with the left mouse button, and, while holding the button 
down, drag the hinge to a new position, as shown in Figure 6.33. Hit Esc to exit 
this mode. 

Click on the hinge with the right mouse button and, while holding the button 
down, rotate the hinge to a new orientation, as shown in Figure 6.34. Hit Esc to 
exit this mode. 

More control over the move and rotate commands is available with the Triad Tool. 
The Triad Tool can be activated from the right-click menu of a component. 

Right-click on the hinge and select Move with Triad from the menu, as shown in 

Figure 6.35. 


FIGURE 6.33 


FIGURE 6.34 




FIGURE 6.35 
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The Triad Tool is shown in Figure 6.36. The arrows correspond 
to the principal axes of the assembly. Click and drag on one of the 
arrows, as shown in Figure 6.37, to translate the part in that direc¬ 
tion. Click and drag on one of the circles, as shown in Figure 6.38, 
to rotate the part within the plane defined by that circle. 




FIGURE 6.39 



Experiment with moving and rotating the hinge component with the 
Triad Tool. Place the hinge in the approximate position and orientation 
shown in Figure 6.39. Click in the white space around the hinge to turn 
off the Triad Tool. 

While it is not strictly necessary to place the component in its approxi¬ 
mate position and orientation prior to defining mate instructions, doing 
so can remove ambiguity and simplify the establishment of the mates. 


FIGURE 6.40 
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The Mate Tool will now be used to establish the first geometric relation¬ 
ship between the hinge and the hatch. 

Click the Mate Tool from the Assembly group of the CommandManager, 
as shown in Figure 6.40. 

This brings up the Mate PropertyManager. 

FIGURE 6.41_ 

Using the Rotate View Tool, as shown in 
Figure 6.41, rotate the view so that the bot¬ 
tom face of the hinge can be seen. Press the 
Esc key to turn off the Rotate View Tool. 

Select the bottom face (Figure 6.42). 


R.1 

Rot 


I 


Rotate View 

Rotates the model view. 


FIGURE 6.42 



The name of the surface will appear in the highlighted 
area of the Mate dialog box. 

If you select something incorrectly during a mate opera¬ 
tion, you can clear the selection box at any time by right- 
clicking in the graphics area and selecting the Clear 
Selections option. 
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FIGURE 6.43 



FIGURE 6.45 


Return to a Trimetric View, and select the 
top face of the hatch component (Figure 
6.43). 

In the Mate dialog box, the selected faces 
are shown, and a list of possible mates is 
shown (Figure 6.44). By default, a coinci¬ 
dent mate is selected when two flat sur¬ 
faces are selected. This means that the two 
selected faces will be coplanar. The hinge 
will move to satisfy the selected mate con¬ 
figuration, as shown in Figure 6.45. 


The Mate Alignment Tools in the dialog 
box are important because there is often 
more than one configuration that meets the 
specification of the selected mate. For 
example, the hinge could be upside-down 
and the selected mate could still be satis¬ 
fied. An advantage of placing and orient¬ 
ing a component before applying mates is 
that the default alignments of the mates are usually correct. However, we will illus¬ 
trate the use of the Mate Alignment Tools before applying the mate to the hatch and 
hinge. 



FIGURE 6.44 
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FIGURE 6.46 
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Toggle between the Aligned and Anti-Aligned Tools, as 
shown in Figure 6.46. Note that the hinge is flipped, as 
shown in Figure 6.47. Choose the tool which results in the 
proper alignment. 

To better view the effect of the mate, switch to the Right 
View. 


FIGURE 6.47 



As shown in Figure 6.48, the bottom of the 
hinge and the top of the hatch are coplanar. 


FIGURE 6.48 
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Click the check mark in the Mate dialog box or the pop-up box to apply the mate. 

Note that the hinge component can be moved with respect to the fixed hatch com¬ 
ponent, but that the two mated faces remain coplanar. That is the geometric effect 
of the mate. 

A second mate will now be added to provide additional location information for the 
hinge relative to the fixed hatch component. 

Rotate the view orientation so that the back face of the 
hatch is visible. Click and drag the hinge to the approximate 
position shown in Figure 6.49. 

With the Mate dialog box still open (select the Mate Tool if 
you closed it accidentally), select the two faces shown in 
Figure 6.50. Click the check mark to apply this second coin¬ 
cident mate. 

The result of the mate is shown in Figure 6.51. 


FIGURE 6.49 



FIGURE 6.50 



FIGURE 6.51 



FIGURE 6.52 



Select the two faces shown in Figure 6.52. 

In this case, we do not want to apply the default 
coincident mate. Rather, we want these faces to be 
a specific distance apart. 
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Select a Distance mate from the Mate dialog box or the pop-up box, as shown in 
Figure 6.53. Set the distance to I inch, as shown in Figure 6.54. 


FIGURE 6.53 
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FIGURE 6.54 
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A distance mate has two possible configurations. If you check the Flip Dimension 
box, then the other configuration is selected, as shown in Figure 6.55. 

With the mate defined correctly, as in Figure 6.56, click the check mark to apply 
the mate. 


FIGURE 6.55 



FIGURE 6.56 



Click Esc to close the Mate dialog box. Try to move the hinge by clicking and drag¬ 
ging it. 

A message appears, as shown in Figure 6.57, stating that the part cannot be moved. 
The three mates that we have applied have completely defined its position and orien¬ 
tation relative to the fixed hatch. 

A second hinge will now 
be added to the assembly. 
Since the second hinge 
will be identical to the 
first, no new component 
needs to be created. A 
second instance of the 
first hinge can simply be 
added to the assembly. 


FIGURE 6.57 
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Return to the Trimetric View. Select the Insert Component Tool, and browse to 
the Hinge file. Place the hinge into the assembly window, as shown in Figure 6.58. 

Using a procedure similar to the one outlined previously in this chapter, add two 
coincident mates and a distance mate to fully constrain the second hinge in the 
position shown in Figure 6.59. 

FIGURE 6.58 FIGURE 6.59 




Once defined, mates can be easily modified. 
For instance, assume that a redesign specified 
that the location of the second hinge should 
be 4 inches from the mated edge rather than 
1 inch. 

Click the arrow next to the Mates entry in the 
FeatureManager. Locate the distance mate 
associated with the second hinge (called 
Distance2), and right-click on the mate name, 
as shown in Figure 6.60. Select the Edit 
Feature option. 


FIGURE 6.60 
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FIGURE 6.61 
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The PropertyManager associated with this mate will 
reopen, allowing for editing of the mate. 

Change the value of the distance to 4.00 inches, as 
shown in Figure 6.61. Accept the change by clicking 
the check mark. 
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The resulting position of the second hinge is shown in Figure 6.62. 
FIGURE 6.62 



In this way, a parameter of the mate can be readily redefined. Since we will want to 
continue with the 1-inch value rather than the modified 4-inch value, we will revert 
to the previous value. 

Press the Esc key to close the Mate dialog box. Click 
the Undo Tool, shown in Figure 6.63, to revert to the 
I-inch dimension. Save the assembly file using the 
name “Door,” and close the file. 

Note that the new file has the extension .SLDASM, 
indicating that it is a SOLIDWORKS assembly file. 


FIGURE 6.63 
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6.3 Adding Features at the Assembly Level 

Assembly models are created from pre-existing part files. However, it is sometimes 
desirable to make modifications to the parts during the creation of assemblies. In 
this section, the addition of features at the assembly level will be described. 

In our example, based on our design intent, we would like to produce a hole in the 
hatch component corresponding to each of the four countersunk holes in the hinge 
component. Therefore, we will use the existing holes in the hinge to establish rela¬ 
tions that precisely locate our new holes to match the holes in the hinge. The first 
step will be to create points on the top surface of the hatch where the holes will be 
added. 

In the Door assembly, select the FIGURE 6.64 
top surface of the hatch and 
choose the Normal To View, as 
shown in Figure 6.64. Zoom in 
on the right-hand hinge. Select 
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FIGURE 6.65 
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the Point Tool from the Sketch group of the FIGURE 6.66 
CommandManager, as shown in Figure 6.65 (if 
you receive a warning, you can ignore it). Add 
points at the center of each of the holes in the 
hinge, as shown in Figure 6.66. (It may be nec¬ 
essary to hold the cursor momentarily over the 
perimeter of the hole to “wake up” its center 
mark.) Exit the sketch, as shown in Figure 6.67. 




FIGURE 6.67 



O 


Exit 

Sketch 

Smart 

Dimension 

E3 - 





FIGURE 6.69 



It will be easier to add the holes in the proper position if the hinge is hidden. 
Otherwise, the Hole Wizard may not find the proper surface to define the hole. 

Right-click on the hinge in the FeatureManager, and select Hide, as shown in 

Figure 6.68. 


The hinge is now hidden from view, as 
shown in Figure 6.69. The points of the 
sketch just created 
should be visible. If they 
are not, select View 
Sketches from the 
Hide/Show Items menu of 
the Heads-Up View 
Toolbar. 


FIGURE 6.68 
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FIGURE 6.71 
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Select the Assembly group of the 
CommandManager. Click on the Assembly 
Features Tool, which reveals a menu of assem¬ 
bly-level features, as shown in Figure 6.70. 
Select the Hole Wizard. 

Four pilot holes will be added to the hatch, 
matching the positions of the holes in the 
hinges. (Note: the holes in the hatch are 
drilled undersized to allow the screws to 
thread into the hatch.) 

In the Hole Specification PropertyManager, 
with the Type tab selected, set the Hole 
Type to Hole, the Size to 7/64 (inches), the 
End Condition to Blind and the depth to 
0.75 inches, as shown in Figure 6.71. 
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Click on the Positions tab in the PropertyManager, 
and the Hole Position PropertyManager will prompt 
you for the position of the holes. Either select the 
top hatch surface, or click the 3D Sketch button, as 
shown in Figure 6.72. Click on each of the points cre¬ 
ated earlier, as shown in Figure 6.73, and click the 
check mark to create the holes. 

Right-click on the hinge in the FeatureManager and 
select Show. 

The holes added match the positions of the holes in the 
hinge, as shown in a wireframe view in Figure 6.74. 


FIGURE 6.72 
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Select the face for the hole or slot 
position. 

To create holes on multiple faces, click 
3D Sketch. 


Repeat the entire operation on the other hinge. 


Hide the point sketches by right-clicking on each in the FeatureManager and select¬ 
ing Hide from the menu. 


Save the changes to the assembly. 



Adding Fasteners to the Assembly 


We will now add wood screws to the assembly model. Commercial and 
educational licenses of SOLIDWORKS have an add-in feature called 
SmartFasteners that can be used to intelligently insert appropriate mechanical fas¬ 
teners into an assembly. Some limited-license SOLIDWORKS products do not 
contain this feature, so we will create a wood screw part model for this exercise. 


FIGURE 6.75 



Open a new part. In the Top Plane, sketch and dimension a 0.190-inch diameter 
circle, centered at the origin. Extrude the circle upward to a height of 1.00 inches, 
as shown in Figure 6.75. 
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DESIGN INTENT) Part-Level and Assembly-Level Features 


Since the holes that we are adding in the tutorial 
affect only the hatch part, we could have added 
them to the part file. Instead, we have added them 
at the assembly level, and the holes do not appear 
in the part model (verify this by opening the hatch 
file after adding one or more of the holes to the 
assembly). There are two types of features: part- 
level features, and assembly-level features. Where 
we apply the features should reflect the actual 
manufacturing and assembly processes. For exam¬ 
ple, if the holes are predrilled into the hatch before 
the assembly with the hinges, then the holes should 
be added to the part model and are considered part- 
level features. If the holes are added after placing 
the hinge on the hatch and using the hinge’s holes 


to locate the drilled holes in the hatch, then these 
are assembly-level features. 

The difference between part-level and assembly-level 
features is especially important when creating detailed 
drawings. In this example, the part drawings would 
contain all information needed to manufacture and/or 
inspect the hinge and hatch parts. The assembly draw¬ 
ing would show which parts make up the assembly (in 
a Bill of Materials ), and would contain only the 
dimensions necessary to assemble them. In this case, 
the dimensions to locate the hinges and the hole defi¬ 
nitions would be defined on the assembly drawing 
(we will learn how to make an assembly drawing in 
Chapter 8). 


FIGURE 6.76 



Switch to the Front View. In the Front Plane, sketch and dimension the 
three lines and vertical centerline shown in Figure 6.76. Be sure to add 
the 0.365-inch dimension as a diameter by clicking on the corner point 
and the centerline, and dragging the dimension to the left of the center- 
line. Select the Revolved Boss/Base Tool from the Features group of the 
CommandManager, as shown in Figure 6.77. Click the check mark to 
accept the 360-degree default revolution. 

The revolved screw head is shown in Figure 6.78. 


FIGURE 6.79 



FIGURE 6.77 FIGURE 6.78 



H Boundary Boss/Base 


a Revolved Boss/Base 

Revolves a sketch or selected sketch 
contours around an axis to create a 
solid feature. 

At the bottom of the screw, sketch and dimension the lines shown in 
Figure 6.79 in the Front Plane. Add a vertical centerline. 

Note that the “cutting tool” profile extends below the bottom of the part. 
An error is encountered when the profile comes to a single point on the 
centerline. 
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Select the Revolved Cut Tool from the Features group of the 
CommandManager, as shown in Figure 6.80. Click the check mark to 
accept the 360-degree default revolution. 

The screw body is shown in Figure 6.81. 

Open a sketch on the screw head and sketch a rectangle centered at 
the origin. The rectangle should extend beyond the edges of the screw 
by 0.05 inches (a construction line may be helpful in establishing this 
dimension), and should be 0.055 inches tall, as shown in Figure 6.82. 
Extrude a cut 0.040 inches deep to create the slot in the screw head, 
as shown in Figure 6.83. Save this part file as “Screw.” 


FIGURE 6.80 
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FIGURE 6.81 






FIGURE 6.83 



FIGURE 6.84 
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Switch back to the door assembly. Expand 
the definition of the first hinge in the 
FeatureManager, and click on the first hole 
created in the hinge, as shown in Figure 6.84. 
This will select and highlight the hole. Note 
the position of this first hole, as it will be 
used in the next assembly step. 

By placing our first screw in the first hole cre¬ 
ated, we can use the pattern that was previ¬ 
ously defined for the holes to place the other 
screws, rather than placing them one at a time 
or defining a new pattern. 
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FIGURE 6.85 




Insert a screw into the assembly, 
placing it approximately in the 
position shown in Figure 6.85. 

Select the Mate Tool. Select the 
conical surface of the screw head, 
as shown in Figure 6.86. Select the 
conical face of the first hole in the 
hinge, as shown in Figure 6.87. 

Adding a coincident mate to the 
two conical surfaces will com¬ 
pletely locate the screw in the hole. 



FIGURE 6.87 



FIGURE 6.88 
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In the Mate Property Manager, set the type of mate 
to Coincident, as shown in Figure 6.88. Click the 
check mark to apply the mate, and click the check 
mark again to close the Mate PropertyManager. 

The screw is shown in its final position in Figure 
6.89. Rather than add the remaining screws individ¬ 
ually, we will create a pattern. 


FIGURE 6.89 
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Since the pattern of the screws will follow that of the holes 
in the hinges, we will use that pattern to create a feature- 
driven pattern. 

From the Assembly group of the CommandManager, click 
the arrow under the Linear Component Pattern Tool and 
select Pattern Driven Component Pattern, as shown in 
Figure 6.90. Select the screw as the component to be pat¬ 
terned. For the Driving Feature or Component, click on 
one of the holes in the hinges, as shown in Figure 6.91. 


FIGURE 6.90 



FIGURE 6.91 



Click the check mark to complete the pattern, which is shown in Figure 6.92. 
FIGURE 6.92 



Repeat for the other hinge, as shown in Figure 6.93. Save the changes to the 
assembly. 

FIGURE 6.93 
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6.5 Creating an Exploded View 

Exploded views are often used to visualize assemblies. In this section, an exploded 
view of the door assembly will be created. 


FIGURE 6.94 
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Exploded View 

Separates the components into an 
exploded view. 


Select the Exploded View Tool from the Assembly group of the 
CommandManager, as shown in Figure 6.94. 

Click on each of the screws to select them. If you accidentally select one 
of the hinges, click on it again to cancel its selection. 

These components will appear in the Settings box in the 
PropertyManager. A manipulator handle will appear in the model win¬ 
dow, as shown in Figure 6.95. This allows for “drag and drop” explosion 
of assembly components. 


Click and hold on the manipulator handle that points in the Y direction, and drag 
the fasteners up to the desired location, as shown in Figure 6.96. Release the 
mouse button to place the components. 


FIGURE 6.95 


FIGURE 6.96 




FIGURE 6.97 
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Note that this explosion step, denoted Explode Stepl, now appears in the 
Explode Steps box of the PropertyManager. We can make modifications to this 
step by using the PropertyManager entries. 

Double-click on Explode Stepl in the Explode Steps box of the 
PropertyManager to select it. Change the distance to 4 inches, as shown in 
Figure 6.97. Click Apply to change the distance, and click Done to end Explode 
Stepl. 

The Explode PropertyManager should be open on the screen. The Settings box 
should be highlighted, prompting for the selection of components to explode. 



Click on each of the hinges to select them. 
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Click and hold on the manipulator handle that points in the Y direction, and drag 
the hinges up to the desired location, as shown in Figure 6.98. Release the mouse 
button to place the components. 

Double-click on the entry 
in the Explode Steps box 
of the PropertyManager 
to select it. Change the 
distance to 2 inches. Click 
Apply to change the dis¬ 
tance, and click Done to 
end the explode step. 

Click the check mark to 
complete the exploded 
view. Save the modified 
assembly. 

Now that the exploded view has been defined, you may toggle between the 
exploded and collapsed views at any time. 

In the FeatureManager, right-click on the 
name of the door assembly. Select Collapse 

(Figure 6.99). 


The exploded view will be toggled to the col¬ 
lapsed view. 

Right-click on the name again, and select 
Explode, as shown in Figure 6.100. 


This will toggle the display back to the 
exploded state. 


FIGURE 6.99 
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FIGURE 6.98 



FIGURE 6.100 
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DESIGN INTENT) Manufacturing Considerations 


The placement of the holes in the hatch and the hinges 
can be accomplished in one of three ways, and each way 
simulates a different approach to the manufacturing of 
the door assembly. First, the holes could be added to the 
hatch at the part level, just as they are in the hinge part. 
In this method, at the final assembly step, the hatch and 
the hinges would be received with the holes in place. 
The hinges would be aligned with the holes in the hatch, 
and the fasteners inserted. In this case, the holes would 
be classified as part-level features. In the second 
method, neither the hinge nor the hatch would have 
holes before arriving at the assembly step, where the 
holes would be classified as assembly-level features. In 
the third method, the hatch would be received without 


holes, and the hinges received with the holes pre-drilled. 
The holes in the hatch would be drilled to match the 
holes in the hinges. This is the method modeled in the 
tutorial. In this case, we have combined a part-level fea¬ 
ture (the holes in the hinges) with assembly-level fea¬ 
tures (the holes in the hatch). Although the final 
assembly would look the same regardless of which 
method is chosen, the definition of where the holes are 
added can be an important consideration in the actual 
manufacturing process, and the method used to create 
the solid model should represent the actual manufactur¬ 
ing steps. 


FIGURE 6.102 

\E 

_TL 


FIGURE 6.101 



| Explode Line Sketch 

Adds or edits a 3D sketch showing 
the relationship between exploded 
components. 


Sketch lines can be added to the exploded 
view to show how the parts fit together. 
Although they are not really necessary for a 
simple assembly such as our door, they can 
be very helpful in more complex assemblies. 

Select the Explode Line Sketch Tool from the 
Assembly group of the CommandManager, as 
shown in Figure 6.101. 

A 3-D sketch will be opened. By default, the 
Route Line Tool will be active, as shown in 

Figure 6.102. 


FIGURE 6.103 



Click on the lower half of the cylindrical 
surface of one of the fasteners. Then click on 
the edge of the corresponding hole in the 
hatch, as shown in Figure 6.103. Click the 
check mark to create the sketch line. 
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Repeat for the other fasteners, and close the sketch to complete the operation. 


The completed explode lines are shown in Figure 6.104. Clicking the 
ConfigurationManager tab shows the 3-D sketch containing the explode lines with 
the associated exploded configuration, as shown in Figure 6.105. 


FIGURE 6.104 


FIGURE 6.105 
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While this exploded configuration offers a clear picture of how the components are 
assembled together, we may wish to produce an animation file to demonstrate the 
explosion step-by-step. Not only can we easily produce this animation using 
SOLID WORKS, we can export the animation as a standard video AVI file that can 
be viewed by anyone with video playback software. 


Right-click on the Door Configurations(s) entry 
in the ConfigurationManager, and select 
Animate Collapse, as shown in Figure 6.106. 

The Animation Controller will initiate (shown 
in Figure 6.107), and the animation of the 
collapse/explosion will begin. The Anim ation 
Controller contains buttons to control the play, 
playback mode, and play speed of the on-screen 
animation. 

Experiment with the Play, Stop, and Playback 
Mode buttons. Click the Stop button to end 
the animation, as shown in Figure 6.108. Make 
sure the Playback Mode is set to Normal, as 
shown in Figure 6.109. 


FIGURE 6.106 
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FIGURE 6.107 
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FIGURE 6.1 10 
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Save At 

Saves the animation as an 
other file type. 


In order to view this animation using the Animation 
Controller, access to the assembly model, all part mod¬ 
els used in the assembly, and the SOLIDWORKS soft¬ 
ware package are required. To allow someone without 
access to the models and software to view this anima¬ 
tion, we can save it as a video AVI file. 


In the Animation Controller, click the Save Animation 
button, as shown in Figure 6.110. 


FIGURE 6.1 
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The Save Animation to File dialog box will appear, as 
shown in Figure 6.111 . This allows us to select the appro¬ 
priate directory and filename for a video file. It also allows 
us to set some parameters that control file size and image 
quality, such as the number of frames per second to be 
saved when we create our video file. For this application, 
we will accept the default values. 

Browse to the appropriate file location, and click Save. 

The Video Compression dialog box will appear, as shown 
in Figure 6.112. This dialog box allows us to select the 
video resolution and other parameters of the video file. 
Higher-resolution images will result in larger file sizes. 
For this application, we will not use Key Frames (which 
cause animation errors with some operating systems). 

Set the Compressor to Microsoft Video I, and clear the 
Key Frame checkbox. Click OK to close the Video Compression 
dialog box. 

The animation will be replayed in the graphics window. While this 
is occurring, the video file will be written at the frames per second 
and compression level we specified. 

The video file will be stored using the name and location we speci¬ 
fied. In this case, the file will be name Door.avi. This file is a stand¬ 
alone video file; it is not linked in any way to your SOLIDWORKS 
part or assembly files. As such, it can be viewed by anyone with standard video 
playback software, such as Windows Media Player or RealPlayer. Do note, how¬ 
ever, that all associativity with the model is lost; subsequent changes to the assem¬ 
bly in SOLIDWORKS will not affect this video file. If changes are desired, a new 
video file must be created. 


Close the assembly window, without saving the last changes made. 
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PROBLEMS 


P6.1 Create a 6.5-inch x 2.5-inch x 2-inch block. Using the Hole Wizard, add a 
hole counterbored for a 1/2-inch socket head cap screw with a depth of 
2 inches (see Figure P6.1 A). Use a linear pattern to create a pattern of four 
evenly spaced holes in the block with a distance of 1.5 inches between hole 
centers. The resulting block is shown in Figure P6.I B, and a section view is 
shown in Figure P6.IC. 



FIGURE P6.IB 



FIGURE P6.IC 



P6.2 Import the part model created in Problem P6.1 
into a new assembly. Import a socket-head cap 
screw from Chapter 5 into the assembly. Right- 
click on the cap screw and select properties. 
Select the 101 configuration. Add mates to locate 
the cap screw, and define a linear pattern to place 
cap screws in the other holes. 


FIGURE P6.2 
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P6.3 Create solid models of a 5-ft. long, 1.5-in. diameter pole (Figure P6.3A), 

and a 4-in. diameter sphere with a 1.5-in. diameter hole in it (Figure P6.3B 
and Figure P6.3C). Using these models and the flange model created in 
Chapter 1 (Figure P6.3D), create an assembly model of a flagpole (Figure 
P6.3E). 



FIGURE P6.3B 



FIGURE P6.3C 





FIGURE P6.3D 
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P6.4 Create solid models of the shaft segment shown in Figure P6.4A and Figure 
P6.4B, and the key shown in Figure P6.4C. Create an assembly with these 
two parts and the pulley model described in Chapter 1. The finished 
assembly is shown in exploded state in Figure P6.4D and in normal state in 

Figure P6.4E. 


FIGURE P6.4A 



FIGURE P6.4B 
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FIGURE P6.4C 



FIGURE P6.4D 
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P6.5 Create models of the 2 X 4 members shown in Figure P6.5A. (Note that 
2 x 4s have actual finished dimensions of 1.5 x 3.5 inches.) Create an 
assembly from these 2 x 4s as shown in Figure P6.5B. Consider creating 
one or more subassemblies to reduce the total number of mates required. 


FIGURE P6.5A 
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P6.6 Using simple components (flat boards, 2 x 4s, etc.), design a shelving unit 
for your room or apartment. Customize your design so that some items that 
you own (TV, stereo, etc.) will fit on the shelves. 


P6.7 The atomic crystal structures of metals are often modeled using spheres to 
represent atoms. The structure illustrated in Figure P6.7A is called a body- 
centered cubic structure. Create a model of this crystal structure as 
follows: 


FIGURE P6.7A 
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a. Create a 2-inch diameter sphere part model. 

b. Open a new assembly. 

c. Open a 3-D sketch in the assembly. 

d. Add lines to create a box shape, as shown in Figure P6.7B. Add relations so 
that all lines are along the *, y, and z axes. Add an Equal relation to three of 
the lines so that the sketch defines a cube. 

e. Add a centerline connecting two opposite corners of the cube. Add a 4-inch 
dimension of this line, which will ensure that the atoms on the corners will 
touch the center atom. Add a point to the midpoint of the centerline, as shown 
in Figure P6.7C. 

f. Close the sketch. 




g. Insert nine atoms into the 
assembly. Turn on the display 
of the origins. 

h. Add mates between the origin 
of each of the atoms and a 
corner or the center point of 
the 3-D sketch, as shown in 

Figure P6.7D. 

i. Turn off the display of the 
origins, and hide the 3-D 
sketch. 


FIGURE P6.7D 
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P6.8 The packing factor of a crystal structure quantifies how tightly packed the 
atoms of the structure are, and is defined as the volume of atoms contained 
within a unit cell, or basic building block of the crystal structure, divided 
by the total volume available within the cell. Find the packing factor of the 
body-centered cubic structure by following this procedure: 

a. Cut away parts of the model 

created in Problem 6.7 to create FIGURE P6.8 - 

a unit cell, as shown in Figure 
P6.8. (Note: Extruded cuts can 
be made in assemblies using a 
similar tool to that used in 
parts. The Extruded Cut Tool 
for assemblies can be accessed 
from the Assembly Features 
Tool of the Assembly Group.) 

b. Use the Mass Properties Tool 
to find the volume of atoms 
within the unit cell. 

c. Calculate the volume of a solid 
cube of the same dimensions 
as the unit cell. 

d. Divide the volume of the 
atoms by the volume of the 
solid cube. 

(Answer: 68%) 

P6.9 Repeat Problem 6.7 for the face-centered cubic structure in Figure P6.9A. 
The 3-D sketch defining the atom positions is shown in Figure P6.9B. Note 
that a point must be added at the center of each of the six faces of the cube. 



FIGURE P6.9A 
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P6.10 Find the packing factor of the face-centered cubic structure model in P6.9. 
The unit cell is shown in Figure P6.10. 

(Answer: 74%) 



P6.ll Create an assembly model of a split hub clamp, as shown in Figure P6.I I A. 
To do this, create the part shown in Figure P6.11B. Assemble two instances 
of this part along with two appropriately sized socket-head cap screws to 
complete the assembly. 


FIGUREP6.IIA FIGURE P6.I IB 
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P6.12 Model the workbench shown in Figure P6.I2. The bench is constructed 

from 2x4 members (actual dimensions 1.5 by 3.5 inches) and 1-inch-thick 
plywood for the top and shelf. The top is 72 inches wide by 30 inches 
deep, and is 34 inches from the floor. The top has a 2-inch overhang on the 
front and both sides (but not the back). Set the material to Pine for all 
members, and use the Mass Properties Tool to estimate the weight of the 
assembled bench. 



P6.13 Create an exploded view of the assembly created in Problem P6.2. 
FIGURE P6.I3 
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P6.14 Create an exploded view of the flagpole assembly model created in 

Problem P6.3. 


FIGURE P6.I4 



P6.15 Create an exploded view of the pulley assembly model created in Problem 
P6.4. 

FIGURE P6.I5 



P6.16 Create and export an animation (*.avi file) of the explosion from Problem 
P6.I5. 
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P6.17 Create an exploded view of the split hub clamp assembly model created in 

Problem P6.ll. 



P6.18 Create and export an animation (*.avi file) of the explosion from Problem 

P6.I7. 






CHAPTER 7 

Advanced Assembly 
Operations 




Introduction 


In Chapter 6, the basic operations FIGURE 7.1 
required to create a SOLID WORKS 
assembly were introduced. In this 
chapter, some advanced modeling, 
visualization, and analysis opera¬ 
tions will be developed. The new 
assembly model that will be created 
is shown in Figure 7. 1. It includes the 
door assembly created in Chapter 6, 
as well as additional part models. 

7.1 Creating the Part 
Models 

Two additional parts must be created for the new assembly model. 

The first model that we will create is the hinge pin. 

Open a new part, and sketch a 0.5-inch diameter circle in the Right 
Plane, centered at the origin. Extrude it 4 inches. Add a I-inch diam¬ 
eter cap on the pin, extruding it away from the pin body 0.25 inches. 




Chapter Objectives 

In this chapter, you will: 

■ use an assembly model 
as a subassembly in a 
more complex assembly 
model, 

■ create an assembly 
model that allows for 
motion between 
components, and 

■ use the interference 
detection and collision 
detection features to 
analyze the assembly 
model. 


The pin is shown in Figure 7.2. 
Using a new color for this com¬ 
ponent will aid in visualization 
of the final assembly. 
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FIGURE 7.3 



Change the color of the part, if desired, and save the part in a file named “Pin.” 
Close the file. 


The final component needed for the assembly is a frame. 



Open a new part, and in the Front Plane sketch a 25-inch square cen¬ 
tered at the origin. Extrude it to a depth of 4 inches. Extrude a 14- 
inch square cut (centered on the front face of the component), 
yielding the part shown in Figure 7.3. 


25.000 
14.000 


Change the color, if desired. Save this part in a file named “Frame,” 
and close it. 


These parts, along with the assembly model from Chapter 6, will now 
be used to create a model of the hatch assembly. 


7.2 Creating a Complex Assembly of 
Subassemblies and Parts 


FIGURE 7.4 



In this section, we will create a new assembly using the door assembly created 
in the previous chapter as a subassembly. The assembly will be a model of a 
hinged hatch, shown in Figure 7.4. 

Open a new assembly. If the Begin Assembly PropertyManager does not open 
automatically, select the Insert Components Tool from the Assembly group of 
the CommandManager. Browse to the Frame file, and click the check mark to 
place it at the origin, as shown in Figure 7.5. 

In the next step, the door assembly created in the previous section will be used 
as a subassembly within the new assembly. An assembly can be inserted just 
like a part. 


FIGURE 7.5 



Or design top-down using a layout with 
blocks. Parts may then be created from the 
blocks. 





gT 



Select the Insert Components 
Tool, and browse for a file. In 
the dialog box, change the 
file type option to Assembly 
files, or All Files, and locate 
the file Door.SLDASM. Select 
it, and click Open, as shown 
in Figure 7.6. 


FIGURE 7.6 
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Drop the subassembly into the assembly window in the approximate 
position shown in Figure 7.7 by clicking. 

While the door is an assembly and not a part, it can be handled (mated, 
rotated, moved, etc.) just like a part component in the assembly 
window. 

Right-click and drag on the door subassembly to rotate it into the 
approximate orientation shown in Figure 7.8, with the curved portion 
of the hinges toward the frame. 

In our previous mates, we have established relationships between 
surfaces of the components to be mated. While this is often the 
procedure we will use, it is 

FIGURE 7.8 


FIGURE 7.7 



sometimes preferable to 
use the default (Front, 
Top, or Right) planes, the 
origins, or other reference 
geometries in our mates. In 
centering the Door sub- 
assembly with respect to 
the frame, we will establish 
a coincident mate between 
the Right Plane used in the 
Door subassembly model 
and the Right Plane used in 
the Frame part model. 


Select the Mate Tool. Expand the FeatureManager “flyout” by 
clicking the arrow, and expand the entries for Frame and Door. 
Select the Right Plane from each, and establish a coincident rela¬ 
tion between them, as shown in Figure 7.9. Click the check mark 
twice to apply the mate and close the Mate Tool. 
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FIGURE 7.9 
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Instances of the hinge parts will now be added to the frame. 

Select the Insert Components Tool. Browse FIGURE 7.10 
for a file, changing the file type option back 
to part files. Select the hinge part. Drop it 
into the assembly, and rotate and move the 
hinge to place it into the approximate loca¬ 
tion and orientation shown in Figure 7.10. 
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FIGURE 7.13 


The next mate will align the faces 
of the two hinges to be engaged. 


Also select the corresponding face on the hinge mounted to the hatch, 
as shown in Figure 7.15. Click the check mark to apply a coincident 
mate. 

The effect of the mate can be most easily seen from the Front View, as 
shown in Figure 7.16. 


FIGURE 7.1 I 


Click on the Mate Tool to begin a mate. Instead of rotating 
the view orientation to select the bottom face of the hinge, 
move the cursor over the hinge, right-click, and choose Select 
Other, as shown in Figure 7.11. With the back face high¬ 
lighted, as shown in Figure 7.12, click the left mouse button. 


Select the front face of 
the frame, as shown in 
Figure 7.13. Click the 
check mark to apply a 
coincident mate. 


FIGURE 7.12 


Select the face shown in Figure 
7.14 on the hinge that was just mated to the frame. 



FIGURE 7.16 
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FIGURE 7.17 



These two faces now lie in the same 
plane, but additional mates are required 
to fully constrain the desired relation¬ 
ship between these components. The 
hinges will now be brought together to 
share a common axis of rotation. 

Select the cylindrical faces of each of the two hinges to be mated, 
as shown in Figure 7.17. 
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By default, a concentric mate will be previewed between the two 
cylindrical faces, as shown in Figure 7.18. 

Click the check mark to apply the mate. 

The final mate required will locate the hinge on the frame. 

If necessary, click and drag the hatch downward until the top of 
the hinge is below the top of the frame. 

Select the top surfaces of the hinge and frame, as shown in 
Figure 7.19, and apply a 2-inch distance mate. Close the Mate 
PropertyManager. 


FIGURE 7.18 



The hinge mate is now fully defined. We can see the 
effect of the mates by attempting to move the hatch. 

Click and drag on the hatch, as shown in Figure 7.20. 

Note that the hatch has a degree of freedom about the 
hinge, but is constrained against all other types of 
motion. 



Note also that the hatch can apparently rotate through the 

frame, as shown in Figure 7.21 . This is due to the fact that only geometric FIGURE 7 20 
relations between the entities have been defined, but no true physical 
characteristics have been imparted to the objects. (We will learn how to 
use collision detection to limit the motion of the model in the next 
section.) 

Insert a second hinge part, and add mates to place it as shown in 

Figure 7.22. 

We will now add pins to the assembly. 
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Choose the Insert Components Tool. Close the browsing dialog box if it opens. Click 
on the pushpin icon, as shown in Figure 7.23. This will enable the insertion of multiple 
parts. Browse to find the pin, and click two locations to place pins in the assembly, 
as shown in Figure 7.24. Click the check mark to close the Insert Component 
PropertyManager. 


FIGURE 7.23 
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FIGURE 7.24 



To aid in the selection of small details, a filter is sometimes used. When a filter is 
active, only certain entities can be selected. We are adding mates between faces, so 
a filter that allows only faces to be selected will be helpful. 


Right-click on the menu bar or CommandManager. From the list of available tool¬ 
bars, select Selection Filter, as shown in Figure 7.25. 


In the Selection Filter toolbar, select the Filter Faces Tool, as shown in Figure 7.26. 


FIGURE 7.25 

[~*"| MotionManager 
[O Quick Snaps 

Reference Geometry 
^ Render Tools 
m Screen Capture 
‘yk Selection Filter ^ 

iBl Sheet Format 
0 Sheet Metal 


FIGURE 7.26 


Filter Faces (X) 

Allows selection of faces only. 




Whenever a filter is 
active, a filter icon 
appears beside the cur¬ 
sor, as shown in Figure 
7.27. 

FIGURE 7.27 




Select the Mate Tool, and select the cylindrical face of 
one of the pins, as shown in Figure 7.28. (Note that with 
the filter set, you cannot select an edge.) 

FIGURE 7.29 _ Select one of the cylin¬ 

drical faces of the corre¬ 
sponding hinge, as 
shown in Figure 7.29. 
(Either the outer or the 
inner face may be 
selected; since they are 
concentric, the resulting 
mate will be the same.) 
Establish a concentric 



mate. 
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The pin and the hinge will align concentrically in the preview of the 
mate. If necessary, change the alignment (from anti-aligned to 
aligned, or vice versa) of the mate to orient the head of the pin 
appropriately, and drag the pin to the position shown in Figure 7.30. 
Click the check mark to apply the mate. 

Select the face on the hinge shown in Figure 7.31, and then the 
underside of the head of the pin, as shown in Figure 7.32. 


FIGURE 7.30 



Click on the check mark to apply the mate, the result of which is 
shown in Figure 7.33. Close the Mate PropertyManager. 


FIGURE 7.3 I FIGURE 7.32 




Using this procedure, duplicate 
the assembly of the second pin. 

The assembly is now complete, as 
shown in Figure 7.34. Since we no 
longer need the filters, it is a good 
idea to clear them. 

Select the Clear All Filters Tool, 
as shown in Figure 7.35. Right- 
click on the menu bar, and de¬ 
select the Selection Filters tool. 


FIGURE 7.34 



FIGURE 7.35 




Clear All Filters 

Clears all selection filters. 




The Filter Faces Tool is very useful when working with mates. Because it is used so 
often, there is a keyboard shortcut that can be used to activate it. Pressing the X key 
will toggle the Filter Faces Tool on or off. The E and V keys can be used to activate 
the Filter Edges Tool and Filter Vertices Tool in a similar manner, and the F6 key 
turns off all filters. 


Using the procedures from Sections 6.3 and 6.4, add holes 
and fasteners to finish the assembly, as shown in Figure 
7.36. 

Save the assembly in a file entitled “Hatch Assembly.” 


FIGURE 7.36 
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7.3 Detecting Interferences and Collisions 

In the assembly mode, the SOLIDWORKS program has the FIGURE 7.37 
ability to check for interferences between components. It 
does this by determining locations where solid volumes over¬ 
lap. This tutorial will demonstrate these capabilities. 

Open the Hatch Assembly file. Click and drag on the hatch 
to rotate it into the approximate position shown in Figure 
7.37. Press the Esc key to deselect the hatch. 

In doing this, we have intentionally introduced an interfer¬ 
ence between the door and the frame. 

From the main menu, select Tools: Evaluate: Interference 
Detection. 


The PropertyManager shows the parts for 
which interference is to be analyzed. By 
default, the entire assembly is selected. 


Click the Calculate button to commence 
interference detection, as shown in Figure 
7.38. 


In the PropertyManager, the interference 
between the frame and hatch is identified, 
as shown in Figure 7.39. Note that there are 
seventeen regions of interference detected. In addition to the overlap of the door and 
the frame, the sixteen screws in their undersized holes are detected. The Ignore but¬ 
ton can be used to eliminate the intentional screw interferences from the list. 

FIGURE 7.39 _ Click the X in the PropertyManager to end interfer¬ 

ence detection. 


Although we have seen that components in an 
assembly can be moved by simply clicking and drag¬ 
ging them, the Move Component Tool allows colli¬ 
sion detection to be incorporated into part 
movements. 

Click and drag the hatch so that it no longer over¬ 
laps the frame. 


Results 



> % Interference 1 - 81414in*3 

A 


> 56 Interference2 - 0.012in A 3 

> 5fc" Interferences - 0.012in A 3 

> 5ei Interference4 - 0.012in A 3 

> Interferences - 0.012in A 3 

> Interferences - 0.012in A 3 

> ?b Interference? - 0.012in A 3 

> % Interferences - 0.012in A 3 

V 



Ignore 


FIGURE 7.38 

5b" Interference Detecti... (2) 

V X 


Selected Components ^ 





| Calculate ^ J Interference Detection 

Click Calculate to begin the 
□ Exclude^!impfllicnts interference calculation. 



I I Component view 






















Chapter 7 Advanced Assembly Operations 235 


Select the Move Component Tool from the Assembly group of 
the CommandManager, as shown in Figure 7.40. In the 
PropertyManager, check “Collision Detection,” “Stop at colli¬ 
sion,” and “Dragged part only.” Under Advanced Options, 
select “Highlight faces” and “Sound,” as shown in Figure 7.41. 


FIGURE 7.40 


FIGURE 7.41 
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Move the hatch toward the frame 
until it stops, as shown in Figure 
7.42. 

Note that when the hatch and 
frame faces touch, the faces are highlighted and a tone 
signifies a collision. 
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Now drag the hatch upward as far as possible, as 
shown in Figure 7.43. 


FIGURE 7.42 FIGURE 7.43 



The movement stops when the hinges collide, 
as shown in the Right View of Figure 7.44. 

Click the check mark or hit the Esc key to 
deselect the Move Component Tool, and close 
the file. 
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PROBLEMS 


P7.1 Using the parts created in Chapter 6, create a working assembly model of a single 
hinge (Figure P7.I). 

FIGURE P7.I 



P7.2 Add an angular dimension between the faces of the hinges in the hinge assembly 
model, as shown in Figure P7.2. Use the Move Component Tool with collision 
detection to move the hinge into its limiting positions. What is the total angle through 
which the hinge can be rotated? 

(Answer: 284 degrees) 


FIGURE P7.2 



P7.3 Open the flagpole assembly created in Problem P6.3. Modify the diameter of the pole 
component to 2.00 inches, and rebuild the assembly. Use the Interference Detection 
Tool to locate the interferences between the components in the rebuilt assembly. 
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P7.4 Create the assembly model of the cylindrical roller bearing shown in Figure 
P7.4A. To do this, perform the following steps: 

FIGURE P7.4A 



a. Create the bearing race by revolving the cross-section shown in Figure 
P7.4B (dimensions in inches), and adding .02" radius fillets to external 
edges. 

b. Create a roller by modeling a 0.4" long x 0.32" diameter cylinder, and 
adding .02" fillets to the edges. 

c. Insert the race into a new assembly model and insert a single instance 
of the roller. Use one coincident and one tangent mate to add the first 
rolling element, as shown in a Section View in Figure P7.4C. It should 
be centered in the race. 
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d. Insert a second instance of the roller. 
Use one coincident mate and one 
tangent mate to place the roller in 
the race and a second tangent mate 
to place the two rollers in contact (as 
shown in a Section View in Figure 
P7.4D). 

e. Repeat the previous step until all 
rollers have been placed in the 
model. Check that rotation can occur 
after the mates are complete. 


FIGURE P7.4D 



P7.5 Create a model of an appropriately sized 
stepped shaft, and assemble the bearing 
of Problem P7.4 onto the shaft. The 
assembly should be similar to Figure 
P7.5. Show that there is no interference 
in the assembly. 


FIGURE P7.5 





CHAPTER § 

Assembly Drawings 




Introduction 


In Chapters 6 and 7, the development of solid models of assemblies from 
SOLIDWORKS part files was described. In this chapter, the documenta¬ 
tion of these assemblies through the use of 2-D assembly drawings will be 
introduced. 


8.1 Creating an Assembly Drawing 

In this section, an assembly drawing of the door assembly created in 
Chapter 6 will be produced. 


Chapter Objectives 

In this chapter, you will: 

■ create a 2-D assembly 
drawing, 

■ incorporate an exploded 
view into an assembly 
drawing, and 


Open the assembly file “Door.SLDASM.” Make sure that the assembly ■ generate a Bill of 

is in the “collapsed” configuration. Click the arrow next to the New Materials. 

Document Tool, and select Make Drawing from Part/Assembly, as 
shown in Figure 8.1. 


Select the sheet format that you created in Chapter 2, as shown in 
Figure 8.2, if desired. If you prefer a blank drawing sheet, select 
A-Landscape and clear the “Display sheet format” box. 


FIGURE 8.1 


FIGURE 8.2 
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FIGURE 8.3 
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Standard 3 View 


Adds three standard, orthogonal 
1 views. The type and orientation of the 
1 views can be 1st or 3rd Angle. 


Select the Standard 3 View Tool from the View Layout group of 
the CommandManager, as shown in Figure 8.3. In the 
PropertyManager click on the assembly name (“Door”) to select 
it. Click the check mark. 

Three standard drawing views will be displayed, as shown in 

Figure 8.4. 

If your drawing views display hidden lines, click on the Front 
View and select the Hidden Lines Removed Style from the 
Display Style menu of the Heads-Up View Toolbar, as shown in 
Figure 8.5. Also, click on each of the centerlines, as shown in 
Figure 8.6, and delete them. 


FIGURE 8.4 




Since an assembly drawing’s purpose is to show 
how components are joined, hidden edges and 
centerlines are not usually displayed. 


FIGURE 8.6 _ Right-click in the blank area of the drawing, 

expand the menu by clicking the double-arrows 
I if necessary, and select Properties. Change the 

scale to 1:5, as shown in Figure 8.7. 


We will now add dimensions to the drawing. 
For an assembly drawing, we want to show only 
the dimensions associated with assembly-level 
features and operations. 


FIGURE 8.7 
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FIGURE 8.8 
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Select the Top View. From the 
Annotation group of the 
CommandManager, select Model 
Items, as shown in Figure 8.8. 
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In the Model Items PropertyManager, select “Only assembly” from the 
Source menu, as shown in Figure 8.9. Click the check mark to complete 
the operation. 

The dimensions related to the placement of the hinges are imported. 
Drag them into the positions shown in Figure 8.10. 


FIGURE 8.9 


Source/Destination 




Since the two hinges were placed in the assembly separately, two separate 1-inch 
dimensions are imported. Note that if we wanted to add an equation to the assembly 
model, then only one of the dimensions would be needed. 


8.2 Adding an Exploded View 

In Chapter 6, an exploded view of the door assembly was created. This exploded 
view can be easily added to the drawing. 

Select the Model View Tool from the View Layout group of the CommandManager, 
as shown in Figure 8.11. 

The door assembly should be selected by default in the PropertyManager. If it is 
not, select it. Click the Next arrow, as shown in Figure 8.12. 


FIGURE 8.1 
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DESIGN INTENT) Assembly-Level Dimensions 


When importing dimensions into our assembly 
drawing, we selected the option labeled “Only 
assembly,” as opposed to “Entire model.” As a 
result, we imported dimensions associated only with 
assembly-level features. If the other option had been 
chosen, then the dimensions defining the compo¬ 
nents would have been imported as well. These 
dimensions could be edited, resulting in changes to 
the part files. 


Including component dimensions in an assembly 
drawing is not usually recommended. One reason is 
that the components are defined in separate draw¬ 
ings, so adding the dimensions to the assembly 
drawings is redundant. Another reason is that a 
component may be used in multiple assemblies, so 
editing a component at the assembly level may pro¬ 
duce unexpected changes to other assemblies. 


FIGURE 8.13 
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The PropertyManager will now contain a list of 
available orientations associated with the door 
assembly. 

Insert a single Trimetric View, as shown in Figure 
8.13. Scroll down in the PropertyManager, select 
Hidden Lines Removed as the Display Style, and 
check the “Use sheet scale” option, as shown in 

Figure 8.14. 


FIGURE 8.14 



► (§) Use sheet scale 
O Use custom scale 


Click on the location in the drawing window where 
the Trimetric View will appear, as shown in Figure 
8.15. Click and delete each of the centerlines in the 
new view if necessary. 


Right-click on the Trimetric View, and select Properties from the menu. 


FIGURE 8.15 
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The Drawing View Properties dialog box will appear. 

Check the “Show in exploded or model break state” 
box to change the currently selected view to an 
exploded view (Figure 8.16), and click OK. 

The exploded view will now appear in the drawing 
window, as shown in Figure 8.17. 



FIGURE 8.16 



We will now add a note regarding the placement of the holes in 
the hatch. 

Select the Note Tool from the Annotation group of the 
CommandManager, as shown in Figure 8.18. 

Click on the edge of one of the holes in the exploded view. 
This will create a leader for the note, as shown in Figure 8.19. 

Click on the approximate location of the note, as shown in 

Figure 8.20. 


FIGURE 8.18 
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FIGURE 8.20 
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FIGURE 8.21 


Drill 7/64 holes .75 deep 
to match holes in hinges 


If desired, change the font type and size. Enter the text 
shown in Figure 8.21. 

Click in the drawing window to place the note, and then 
press the Esc key to end the Note command. Click and 
drag the note to its final position. 

The drawing is shown in Figure 8.22. 


FIGURE 8.22 



8.3 Creating a Bill of Materials 


It is often desirable to generate a parts list, or Bill of 
Materials (BOM), associated with an assembly. The 
SOLIDWORKS program can automatically create this 
list from an assembly file. 


FIGURE 8.23 



Tables 


Select any of the drawing views. From the Annotation 
group of the CommandManager, select Tables: Bill of 
Materials, as shown in Figure 8.23. 
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Accept the default selections listed in the PropertyManager, and click the 
check mark (Figure 8.24). 

Click anywhere in the drawing to place the Bill of Materials, as shown in 

Figure 8.25. 


FIGURE 8.24 


Bill of Materials © 



FIGURE 8.25 
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The table can be edited much like an Excel spreadsheet. The formatting of your Bill 
of Materials may differ slightly, but the following steps in general can be used to 
control appearance. 


Click anywhere in the table to open it for editing. 


We will now make changes to the appearance and formatting of the table. 

Click on the arrows in the upper left corner of the table. This causes the entire 
table to be selected. Click the “Use document font” icon, as shown in Figure 
8.26, to override the default font. Select a new font type, if desired, and a larger 
size, as shown in Figure 8.27. 


FIGURE 8.26 
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Change the width of any column by clicking and dragging 
on the right boundary of the column, as shown in Figure 
8.28. 

Columns that are not needed, such as the “Description” 
column in this example, can be deleted. 

Click on the top of column C to select the entire column. 
Right-click in the selected column, and choose Delete: 
Column from the menu, as shown in Figure 8.29. 


FIGURE 8.27 
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Individual row heights can be changed in a 
manner similar to column widths; however, we 
usually want the rows to be the same height. 
Therefore, we will specify the height for all 
rows. 


FIGURE 8.29 
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FIGURE 8.30 


" Selection Tools ► 

j Zoom/Ran/Rotate ► 

* Recent Commands ► 

L Insert ► 

Delete ► 

Hide ► 

A 

L 

Formatting ► 

Column Width 

Split ► 

Lock Column Width 

Sort 

Row Height ^ 

Insert - New Part 

Lock Row Height 

31 Save As_ 

Entire Table 


Right-click the arrows in the upper left corner of the table. 
Select Formatting: Row Height, as shown in Figure 8.30. Set 
the row height to 0.30 inches, as shown in Figure 8.31. 

Click on the arrows in the upper left corner to select the 
entire table. Click the Center Align tool, as shown in Figure 
8.32. 

FIGURE 8.3 I FIGURE 8.32 
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By default, one of the columns is labeled “PART NUMBER.” This column contains 
the file name for each component, as most companies store part files by number 
rather than the descriptive names that we use in this book. We can easily change the 
column heading to reflect our method of naming parts. 


FIGURE 8.33 _ Double-click the cell containing the label “PART NUMBER.” Change the text 

to “PART NAME,” as shown in Figure 8.33. Click outside the table to accept 
the change. 

Click and drag the move icon in the upper left corner of the Bill of Materials 
to the position desired. 


PART NAME 


Our drawing is almost complete, but the item numbers in the Bill of Materials are 
not linked with the components in the drawing. We will add “balloons” with part 
numbers to the drawing. 


Select the exploded Trimetric View. Select the AutoBalloon Tool from the 
Annotation group of the Command Manager, as shown in Figure 8.34. 


FIGURE 8.34 
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FIGURE 8.35 



Balloons will be 
added to the view, as 
shown in Figure 8.35. 
The appearance of 
the balloons can be 
changed from the 
PropertyManager. 
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In the PropertyManager, select I Character from the Size pull-down menu, 
as shown in Figure 8.36. Click the check mark to close the PropertyManager. 
If desired, the balloon font size can be changed by clicking the Options tool, 
then selecting Document Properties: Annotations: Balloons. 

Click and drag the part numbers and views to postition the balloons as desired. 

You can also move the arrow end of the leader. Note that if the leader is 
attached to an edge or a point, an arrow appears. If the leader is attached 
to a face, a dot appears at the end of the leader. 


FIGURE 8.36 


Settings 



Move the drawing views to the desired locations, and add the note and title 
with the Note Tool from the Annotation group of the CommandManager. The 
completed drawing is shown in Figure 8.37. 


Save the drawing with the file name “Door,” and close it. 

Note that the drawing file has the extension .SLDDRW. 


FIGURE 8.37 


ITEM NO. 

PART NAME 

QTY. 

1 

Hatch 

1 

2 

Hinge 

2 

3 

Screw 

8 


| |—1.00 1.00—1 

e 

e 

1 

±L 

© 

© 

~r 

e 

© 

\ 





rvru _ n-ru ^ 



All dimensions in inches 


Introduction to Solid Modeling 
Using SOLIDWORKS 


Door Assembly 
























































248 Part One Learning SOLIDWORKS 


PROBLEMS 



P8.1 Create an assembly drawing, complete with exploded view and bill of materials, for 
the hinge assembly created in Problem P7.1. 

FIGURE P8.I 



P8.2 Create an assembly drawing, complete with exploded view and bill of materials, for 
the flagpole assembly created in Problem P6.3. 


FIGURE P8.2 
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P8.3 Create an assembly drawing, complete with exploded view and bill of 
materials, for the shaft assembly created in Problem P6.4. 


FIGURE P8.3 



P8.4 Create an assembly drawing, complete with bill of materials, for the frame 
assembly created in Problem P6.5. 


FIGURE P8.4 
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P8.5 Create an assembly drawing, complete 
with exploded view and bill of 
materials, for the split hub clamp 
model created in Problem P6.11. 


FIGURE P8.5 



P8.6 Create an assembly 

drawing, complete with 
exploded view and bill of 
materials, for the workbench 
model created in Problem 
P6.I2. 



P8.7 Create an assembly drawing of the FIGURE P8.7 

working hatch assembly created in 
Chapter 7. 


























PART 


TWO 


Applications of 
SOLIDWORKS® 



























This page intentionally left blank 



CHAPTER 9 

Generation of 
2-D Layouts 



Introduction 

Earlier we learned to create 2-D drawings from solid parts and assem¬ 
blies. For some tasks, however, working directly in the 2-D environ¬ 
ment is preferred. For example, floor plans and site drawings, plant 
equipment layouts, and electrical schematic drawings are usually cre¬ 
ated in 2-D. The SOFIDWORKS program can be used for these appli¬ 
cations, and the ease of changing dimensions allows multiple 
configurations to be quickly evaluated. 


9.1 A Simple Floor Plan Layout 

In this exercise, we will prepare a layout drawing of a simple quality 
assurance lab for a manufacturing shop. The following items need to be 
placed in the lab: 

• A tensile test machine, with a rectangular “footprint” of 
4 feet wide by 3 feet deep 

• An inspection bench, 8 feet by 3 feet 

• A desk, 4 feet by 30 inches 

• Three cabinets for storing measuring tools and fixtures, each 
4 feet wide by 2 feet deep 


Chapter Objectives 

In this chapter, you will: 

■ choose and set the scale 
for a 2-D layout, 

■ use a unit system of feet 
and inches, 

■ create a floor plan and 
learn how to modify the 
layout to evaluate alter¬ 
nate configurations, 

■ expand your knowledge 
of using relations with 
2-D entities, and 

■ calculate the areas, cen¬ 
troid locations, and 
moments of inertias of 
2-D areas. 
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FIGURE 9.1 



When we import parts into 
drawings, an appropriate scale 
is automatically set. When 
preparing a 2-D layout, we must 
specify the scale. To make the 
room fill most of the paper, we 
can set the scale at 1 inch equals 
2 feet. Thus, the 14-foot dimen¬ 
sion will appear as 7 inches on 
the drawing. 

Right-click anywhere in the 
drawing area, and select 
Properties. Set the scale to 
1:24, as shown in Figure 9.3. 
Click OK. 


Parts will be brought in bins that are 4 feet 
square, so there will need to be room for one 
parts bin. The room that has been proposed for 
the lab is shown in Figure 9.1 . We would like to 
prepare a layout drawing to show how the equip¬ 
ment should be placed in the room. 

Begin by opening a new drawing. When 
prompted to select a sheet format, pick 
A-Landscape as the paper size, and make sure 
the “Display sheet format” box is unchecked, 
as shown in Figure 9.2. Click OK. If the Model 
View dialog appears in the PropertyManager, 
click the x to end the Model View command. 


FIGURE 9.2 



FIGURE 9.3 
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Document Properties - Units 


System Options Document Properties 


Unit system 

O MKS (meter, kilogram, second] 
OcGS (centimeter, gram, second) 
O MMGS (millimeter, gram, second) 
O IPS (inch, pound, second) 

► (§) Custom 


We can use units of feet, inches, or FIGURE 9.4 
mixed feet and inches for this layout. 

We will use mixed feet and inches. 

Click on the units designation on the 
Status Bar, and select Edit Document 
Units. Select Custom as the unit sys¬ 
tem, and feet & inches from the pull¬ 
down menu of length units. Set the 
decimal places to None, as shown in 
Figure 9.4. Click OK. 

Select the Corner Rectangle Tool 
from the Sketch group of the 
CommandManager, and drag out a 
rectangle. Dimension the sides of the 
rectangle, as shown in Figure 9.5. 

When entering the dimensions as feet, include the foot symbol (') after the num¬ 
ber. Otherwise, the dimension units default to inches. 


{§} Search Opt 


Drafting Standard 
FE Annotations 

l± Dimensions 

Centerlines/Center Marks 
DimXpert a 

tt Tables 
©Views 

Virtual Sharps 
Detailing 
Drawing Sheets 
Grid/Snap 
Units 
Line Font 
Line Style 
Line Thickness 
Image Quality 


Type |unit Decimals | Fractions | 


Length 

feet & inches 

None 


Dual DimensionLengtfi 




Angle 

degrees 

None 



If sketch relation icons do not appear on the drawing, select View: Hide/Show: 
Sketch Relations from the main menu. 


FIGURE 9.5 
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FIGURE 9.6 
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With the Dimension Tool turned off, click and drag the upper-left corner of the 
rectangle until the shape is approximately centered on the sheet. Select Fix in 
the PropertyManager to fix the point on the sheet, as shown in Figure 9.6. 

Delete the bottom line and replace it with the two lines shown in Figure 9.7. 
Dimension each of the new lines, and add a collinear relation to the lines. 

FIGURE 9.7 
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The drawing should be fully defined. 

There are several ways that the doors and the arcs that represent their swing paths 
can be drawn and dimensioned. The method here uses relations to define the geom¬ 
etry. 


Draw the vertical lines as shown in Figure 9.8. 


FIGURE 9.8 
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Select the Centerpoint Arc Tool from the 
CommandManager, as shown in Figure 9.9. 


Sketch group of the FIGURE 9.9 


This tool allows you to construct an arc by picking the center of the arc 
and then the two endpoints. 


FIGURE 9.10 


* 




Move the cursor directly over the intersection 
of one of the vertical lines and the adjacent 
horizontal line, as shown in Figure 9.10. Click 
once on the intersection to set the center point of the arc. 
Click again on the other end of the vertical line, as shown 
in Figure 9.11, to set the starting point of the arc. Drag 
an arc 90 degrees, as shown in Figure 9.12, and click to 
finish the construction of the arc. 
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© Tangent Arc 
^ 3 Point Arc 

ut Anno 




Check the “For construction” box in the PropertyManager. 

Repeat for the other door, as shown in Figure 9.13. 

With the Ctrl key depressed, select the endpoints of the arcs, 
as shown in Figure 9.14. 


FIGURE 9.13 
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In the PropertyManager, click Merge, which joins the two points, as shown in 
Figure 9.15. Select both arcs, and add Equal and Tangent relations. The arcs 
will now appear as shown in Figure 9.16. 


FIGURE 9.15 FIGURE 9.16 



The drawing should once again be fully defined. 


In order to make the outer walls and doors stand out, we will make those lines 
thicker. For this, we will use the Line Format toolbar, as shown in Figure 9.17. 


FIGURE 9.17 


Changes the thickness of edges and 
sketch entities. 


If the Line Format toolbar is not shown, right-click in the Menu Bar or 
CommandManager. Click on Line Format to add the toolbar. 

Select the lines representing the walls and doors. In the Line Format 
toolbar, select the Line Thickness Tool, as shown in Figure 9.17, and pick 
a thicker line than the default. Click the check mark in the 
PropertyManager to apply the selected line thickness. 


FIGURE 9.18 



The walls and doors now stand 
out from the dimension and con¬ 
struction lines, as shown in Figure 
9.18. 

We will now place the tensile test 
machine in the room. 
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Draw a rectangle somewhere in the room, and 
dimension it as 4 feet by 3 feet, as shown in 

Figure 9.19. 

The dimensions that we added are not necessary 
to show in the drawing, but are required to set the 
size of the machine’s footprint. We can hide the 
dimensions so they do not show, but still control 
the size of the rectangle. 


FIGURE 9.19 
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Turn off the Smart Dimension Tool. Right-click on 
one of the dimensions and select Hide, as shown 
in Figure 9.20. Repeat for the other dimension. 

The rectangle is fully defined except for its posi¬ 
tion on the drawing. By clicking and dragging on 
one of the corners, you can move it. 


FIGURE 9.20 _ 
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Select Other 
Selection Tools 
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Click and drag a corner of the rectangle until it 
is placed near the upper-right corner of the 
room, as shown in Figure 9.21. 

Note: if you drag a corner until it contacts another 
point or a line, as shown in Figure 9.22, then a 
relation is automatically created with that entity, 
and you will be unable to move the rectangle 
away from the entity. If you desire to do so, then 
click on the coincident icon and delete it. 


Recent Commands 

Dimension (D5@Sketch1 @Draw1 .SLDDRW) 


Hide 


fcr- 


Hide Extension Line 


FIGURE 9.21 




While it is not necessary to fix the rectangle in place, doing so is a good idea in that 
it will make the drawing fully defined if all other required dimensions and relations 
are present. If you fix the position of the rectangle and the status bar reports that the 
drawing is still underdefined, then you will probably want to check existing dimen¬ 
sions and relations to see why. 

Click on a corner of the rectangle to select that point and display its properties in 
the PropertyManager. Click Fix to fix that point, and close the PropertyManager. 
Press Esc to deselect the point. 
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FIGURE 9.23 
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The drawing should now be fully defined. We will now label the rectangle as the 
location of the tensile test machine. 

Click on the Annotation tab of the CommandManager. Select the Note Tool, as 
shown in Figure 9.23. Click at the approximate location of the note, near the new 
rectangle. 

Set the desired font (Arial), size (20 point), and alignment (centered), as shown 
in Figure 9.24. Type “Tensile Test Machine” in the text box. 


FIGURE 9.24 



Click anywhere outside of the note box, and then Esc to end the note creation. 

(If you want to place the same note in another location, then you can click the note 
down in multiple locations before using the Esc key to end the process.) 

Click and drag the note to its final position, as shown in Figure 9.25. 

If you want the note font changed for the entire drawing, do so from Document 
Properties: Annotations, as shown in Figure 9.26. 


FIGURE 9.25 FIGURE 9.26 
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FIGURE 9.27 
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Add the first of the cabinets by drawing and dimen¬ 
sioning the rectangle as shown in Figure 9.27. Hide 
the dimensions. 

After drawing the cabinet and moving its location 
around, you may decide that turning the cabinet 
90 degrees will allow it to fit into the space better. 

The easiest way to do this is simply to 
switch the values of the dimensions. 
This will require showing and editing the 
currently hidden dimensions. 


Select View: Hide/Show: Annotations 
from the main menu, as shown in Figure 
9.28. The hidden dimensions will be 
shown in gray. Click on each dimension 
that you want to show, as shown in 
Figure 9.29. Select View: Hide/Show: 
Annotations again or Esc to return to the 
editing mode. Change the cabinet dimen¬ 
sions as shown in Figure 9.30. Hide the 
dimensions again. 

Add a note identifying the cabinet. If 
desired, rotate the text 90 degrees by 
clearing the “Use document font” box 
and changing the angle in the 
PropertyManager, as shown in Figure 
9.31. Click the check mark. 


FIGURE 9.29 
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FIGURE 9.31 
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Add the other two cabinets. Dimension, locate, and label them, as shown in Figure 
9.32. 



Note that if you want to use Copy and Paste to add the cabinets, then the dimensions 
defining their sizes must also be copied, or else the cabinets will change size when 
dragged into a new position. Hidden dimensions cannot be copied, so you must first 
unhide the dimensions before using Copy and Paste commands. 

Add and dimension rectangles representing the inspection bench and desk, as 
shown in Figure 9.33. 


FIGURE 9.33 
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Label the inspection bench and desk. Add and label the 4-foot-square parts bin, 
with the lines representing it shown as construction lines. Fix all of the entities 
in position so that the drawing is fully defined. Hide the dimensions defining the 
bench, desk, and parts bin. The finished drawing is shown in Figure 9.34. Note that 
the sketch relation icons are not shown when the drawing is printed. 


Suppose that we wish to rotate the tensile 
test machine 45 degrees to give the opera¬ 
tor better access to the machine. To do so, 
it will be necessary to delete some of the 
relations created automatically when the 
rectangle was drawn, and to add some new 
relations to maintain the rectangular shape 
and orient the rectangle properly. 

Click on the Fixed icon, as shown in Figure 
9.35. Delete it. Delete the horizontal and 
vertical relations from the four lines defin¬ 
ing the machine position. Add parallel rela¬ 
tions between each of the pairs of opposite 
sides, as shown in Figure 9.36. Select two 
adjacent sides, and add a perpendicular 
relation, as shown in Figure 9.37. 

The addition of these relations defines the 
shape as a rectangle, but the removal of the 
horizontal and vertical relations allows it to 
be rotated. The hidden dimensions still 
apply to the rectangle, and fix its size. 


FIGURE 9.34 
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FIGURE 9.35 


FIGURE 9.36 
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FIGURE 9.37 
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FIGURE 9.38 




^Tensile Tes^ 
Machine 


Select the Smart Dimension Tool. Select one 
of the vertical lines of the rectangle and 
then a horizontal wall, as shown in Figure 

9.38. 

This will create an angular dimension 
between the lines, as shown in Figure 9.39. 
Change the dimensions to 135 degrees, 
reflecting a rotation of 45 degrees, as 
shown in Figure 9.40. 
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Click to select the note. 
Rotate the text labeling the machine -45 
degrees, as shown in Figure 9.41. 

Hide the angular dimension, drag the 
box and text into position, and fix one 
of the corner points of the box. 

The drawing is now complete, as shown 
in Figure 9.42. Dimensions can be added 
to precisely place the objects in the room, 
if required. (It will be necessary to delete 
the fixed relations of the points if these 
dimensions are to be added.) 


: 




FIGURE 9.42 
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In order to more easily 
move objects around the 
room, you can create a 
block entity that includes 
both the object shape and 
the text. 

Delete the Fixed relation 
setting the location of 
the Inspection Bench, so 

that both it and its label are free to move. With the Ctrl key depressed, select 
the four lines and the text that comprise the Inspection Bench. From the main 
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FUTURE STUDY 


Industrial Engineering 


In this example, we created a floor plan to see 
if the proposed lab space would accommodate 
the equipment required for the lab. Consider 
the challenge of planning the layout of a man¬ 
ufacturing plant with hundreds of thousands of 
square feet of floor space and hundreds of 
machines. If not well planned, the operations 
of the plant will be crippled by inefficiencies 
in the ways that raw materials and parts move 
through the plant. Efficient plant layout is one 
of the functions of industrial engineers. 

Industrial engineers perform many other func¬ 
tions toward the goal of improving operations. 
These functions might include monitoring and 
improving the quality of finished products, 
streamlining material handling and product 
flow, or redesigning work cells for better effi¬ 
ciency. 

While the word “industrial” refers to the man¬ 
ufacturing environment where industrial engi¬ 
neers have traditionally worked, the skills of 


industrial engineers are now being widely 
used in service sector businesses as well. For 
example, many hospitals use industrial engi¬ 
neers to help improve quality and efficiency. 
Package-delivery companies, facing monu¬ 
mental logistics challenges associated with 
delivering packages worldwide under extreme 
time pressure, also use the services of indus¬ 
trial engineers. 

Industrial engineers also are involved with 
product design, usually from the standpoint of 
ergonomics, the consideration of human char¬ 
acteristics and limitations in the design of 
products. In this area, there is overlap with the 
functions of the industrial designer. 

Most engineering students in other disciplines 
take some coursework in industrial engineering 
topics. These topics could include engineering 
economy, quality control, project management, 
and ergonomic design. 


menu, select Tools: Block: Make, as shown in Figure 9.43. Click the check 
mark to create the block and close the Make Block PropertyManager. 

A block is a grouping of drawing entities that can now be treated as a single 
entity. We can now move or rotate the group of entities together. 

FIGURE 9.44 _ Click and hold a corner of the 

Inspection Bench, and drag it to 
a new location, as shown in 
Figure 9.44. Note that the entire 
block (lines and text) move 
together. If you later decide to 
separate the entities, the block 
must be exploded. This can be 
done by clicking on any part of the block to select it and selecting Tools: 
Block: Explode from the main menu. 




Locate the Inspection Bench as desired, and reapply a fixed relation to 
locate the block. Save the drawing if desired, and close it. 
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9.2 Finding the Properties of 2-D Shapes 

The SOLIDWORKS program can be used to determine the properties of areas. For 
example, the areas of complex shapes can be determined, and the locations of cen¬ 
troids and the values of moments of inertia of areas can be computed. 


FIGURE 9.45 



FIGURE 9.46 
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9.2.1 Calculating the Area of a Shape 

Consider the building lot shown in Figure 9.45. 
Suppose that we want to find the acreage of this lot. 
The first step is to draw the lot. In order to fit the 
drawing on an 8-1/2 x 11 inch sheet, the minimum 
scale factor possible will be 1320 inches (110 feet) 
divided by 8.5 inches = 155. We will use a scale 
factor of 1:200. 

Open a new drawing. Choose an A-Landscape paper 
size without a sheet format displayed. Set the 
drawing scale to 1:200 and the units to feet & 
inches. Draw and dimension the lot shown in 
Figure 9.45. Fix one corner of the lot, and the 
drawing should be fully defined. 

Press the Esc key to deselect any points or lines. 
Select Tools: Evaluate: Section Properties from the 
main menu, as shown in Figure 9.46. Click the 
Options button, make sure the Scientific Notation 
box is unchecked, and check the Use custom set¬ 
tings option. Set the units to feet and the number 
of decimal places to 6, as shown in Figure 9.47. 
Click OK. 


FIGURE 9.47 
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The area will be displayed in the units selected, in this case 
square feet. However, the area displayed will be that of the 
drawing area, not the actual area. Since the area of the draw¬ 
ing in square feet will be small, a large number of decimal 
places will be needed for accuracy. 

The area displayed is 0.318910 square feet, as shown in 
Figure 9.48. To determine the area of the lot, the calculated 
area must be adjusted to account for the scale. Since area 
has the units of length squared, the calculated area must be 
multiplied by the scale factor squared: 

Area = (0.318910 ft 2 )(200 2 ) = 12,756 ft 2 

To convert to acres, the conversion factor of 43,560 ft 2 /acre must be applied: 

Area = (12,756 ft 2 )/(43,560 ft 2 /acre) = 0.29 acres 


FIGURE 9.48 



Centroid relative to sketch origin: {feet 3 
X = 99.992341 


9.2.2 Calculating the Section Properties of a Shape 


In mechanics of materials, it is often necessary to compute 
the moment of inertia of the cross-section of a structural 
member. For simple shapes, such as a rectangle or circle, 
easy formulas can be used for this computation. For com¬ 
pound shapes, such as a T-beam constructed from two rec¬ 
tangular shapes, the calculations are lengthier. 


FIGURE 9.49 


Open a new drawing. Choose A-Landscape paper without a 
sheet format displayed. Draw and dimension a rectangle, 
as shown in Figure 9.49. 

Add and dimension the second rectangle shown in Figure 
9.50, making sure to snap the first point of the new rectan¬ 
gle to the edge of the first rectangle. 


FIGURE 9.50 
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To center the second rectangle relative to the first, 
we could add either additional dimensions or rela¬ 
tions. Add the centerlines shown in Figure 9.51, and 
add an Equal relation between them. 

To compute the area or moments of inertia of the 
shape, it is not necessary to locate the drawing on the 
page. However, if we want to know the location of 
the centroidal axes, then we need to set a point at a 
known location. 


Select the lower-left point of the second rectangle, 
as shown in Figure 9.52. 


FIGURE 9.52 



V 


FIGURE 9.53 


□ 1 

Point 


Existing Relations 

- 

Jr 

Distances 

Distance7 


(D 

Under Defined 


Add Relations 

/s 

m 

Fix 


Options 

- 


-None- 

H 






In the PropertyManager, set the coordinates of the point 
to x = 5 and y = I, as shown in Figure 9.53. Fix the point 
with a relation. 

In drawings, the lower-left corner of the page is the origin 
of the x-y coordinate system. 

Select Tools: Evaluate: Section Properties from the main 
menu. A message will be displayed that the sketch has 
intersecting contours. Close the Section Properties dialog 
box. 

The properties can be computed only for a sketch or draw¬ 
ing containing a single, closed contour. 

Select the Trim Entities Tool FIGURE 9.54 
from the Sketch group of the 
CommandManager. Trim away 6.00 

the overlapping portions of 
both rectangles, as shown in 
Figure 9.54. 


Select Tools: Evaluate: Section Properties from the 
main menu. 
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FUTURE STUDY 


Mechanics of Materials 


The study of mechanics of materials involves 
determining stresses, strains, and deforma¬ 
tions in bodies subjected to various loadings. 
Stress is the force per unit area acting on a 
point in a body, and the calculation of stress is 
necessary to predict failure of a structure. 
Strain is a measure of geometrical changes 
within a body. Stress and strain are related by 
properties of the material used. Deformations 
are related to strains in the body. While strain 
applies at a given point, deformation is the 
dimensional change of the entire body. For 
example, consider a 1 X 6-inch wooden plank 
resting on sawhorses near its ends. If the span 
of this beam is 6 feet, and a 175-pound man 
stands in the middle, how much will the plank 
move downward? 



Using mechanics of materials concepts, it can 
be determined that the deflection of such a 
beam is: 


5 = 


PL 3 

48EI 


where: 

P = force = 175 lb 
L = span = 72 in 

E = modulus of the material. A typical 

value for wood = 1,500,000 lb/in 2 
I = moment of inertia of the cross- 
section 


For a rectangular shape, the moment of inertia 
is: 


So for our plank, with base b = 6 inches and 
height h = 1 inch, I = 0.50 in 4 , and the deflec¬ 
tion = 1.81 inches. If we could carefully place 
the plank so that it is resting on the 1-inch 
edge, then the values of b and h are switched. 
The moment of inertia increases to 18 in 4 and 
the deflection reduces to 0.05 inches. 
Therefore, the bending stiffness of the plank 
has increased by a factor of 36 by changing its 
orientation. The moment of inertia is increased 
by moving material to the greatest possible 
distance away from the centroidal axis (the 
axis passing through the centroid, or center of 
area, of the section). With wood construction, 
this is done by aligning the members appropri¬ 
ately, as with floor beams that are placed with 
their long dimensions perpendicular to the 
floor. In steel construction, wide-flange beams 
maximize bending stiffness by placing most of 
the material in the flanges, as far from the cen¬ 
troidal axis as possible. 

When complex shapes are used, calculation of 
the moment of inertia can be cumbersome. 
First, the centroid must be located, and then 
the moments of inertia of simple regions of the 
shape must be calculated and adjusted for their 
distances away from the centroidal axis. 
Finally, the moments of inertia of the individ¬ 
ual regions are summed. 

The Section Properties Tool can be a useful 
tool for calculating and/or checking the value 
of moment of inertia. 
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The section properties are displayed, as shown in 

Figure 9.55. 

In addition to the area and centroid, the moments of 
inertia of the area are calculated. The moment 
labeled “Lxx” is the moment of inertia about an 
axis through the centroid of the cross-section, par¬ 
allel to the x axis. The location of this axis is given 
by the y coordinate of the centroid, 5.75 inches. 
Since a point at the bottom of the section was set at 
y = 1 inch, the axis is 4.75 inches above the bottom 
of the section, as shown in Figure 9.56. The moment 
of inertia about this axis is 55.25 in 4 . The moment 
of inertia labeled “Lyy” is about the axis shown in 
Figure 9.57. The value of the moment of inertia 
about this axis is 18.50 in 4 . 
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PROBLEMS 


P9.1 Place the items from section 9.1 into the space shown here, which includes 
two 18-inch-square columns. 



P9.2 Sketch a floor plan of your room or apartment, showing the locations of 
furniture. 

P9.3 A builder desires to construct a house on the irregular lot shown here. The 
desired house will be rectangular in shape, 55 feet by 40 feet, with the front 
of the house 55 feet wide. The front of the house is to be parallel to the 
street. If local regulations require that there be 10 feet between property 
lines and any point on the house, can the proposed house be built on the 
lot? 



STREET 
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Note: Three of the angular dimensions will be driven dimensions, since the 
length of all sides and one angle defines the lot shape. However, when 
property is surveyed, all lengths and angles are measured. Trigonometry is 
then used to ensure that the dimensions are consistent to within a certain 
tolerance. This method allows for incorrectly measured or recorded lengths 
and angles to be detected. The angles are measured in degrees and minutes 
(1 minute =1/60 degree). 

Hint: Use the Offset Entities Tool to offset the property lines 10 feet 
inward. You can then check to see if the house plan fits within the offset 
lines. 


P9.4 Find the number of square feet in the lot described in P9.3. 

(Answer: 6506ft 2 ) 

P9.5 Find the location of the centroid and the principal moments of inertia of 
the channel shape shown here (dimensions in inches). Make a sketch 
showing the locations of the centroidal axes. 
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P9.6 Frames for industrial equipment are sometimes built out of prefabricated 
aluminum extrusions. These extrusions are cut to length and assembled 
with custom fasteners, providing engineers with the ability to construct 
custom framing without the need for complicated fixturing and welding. 

A typical cross-section for such an extrusion is shown in Figure P9.6 
(dimensions in inches). Create a drawing of this cross section, and use it to 
determine the cross-sectional area and principal moments of inertia of the 
shape. 
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P9.7 a. Fiber-reinforced composite plates are often made by stacking up layers 
of material with the fibers oriented in specified directions. Consider a 
6-inch by 12-inch rectangular plate that is to be made up of two layers 
with fibers oriented at +30 degrees relative to the long axis of the plate, 
and two layers with fibers oriented at -30 degrees, as illustrated in 
Figure P9.7A. If the fiber-reinforced material comes on a roll that is 
24 inches wide, with the fibers oriented along the length of the roll, 
determine the length L that is required for a rectangular portion of 
material from which the four required layers can be cut (see the example 
in Figure P9.7B). Since the material is expensive, try to place the layers 
in a manner that reduces the amount of scrap. Calculate the percentage 
of material that will be scrap. 



b. Suppose you are asked to evaluate a suggestion that the material be cut 
into rectangular sections from which two complete plates can be made 
(that is, four +30 layers and four -30 layers can be cut from the 
rectangular section). Can you develop a cutting pattern that will reduce 
the scrap percentage calculated in part a? 


P9.8 A foam pad for an industrial product is shown in 
Figure P9.8 (dimensions in inches). The pad will 
be mass-produced by die-cutting it from an 11- 
inch by 11-inch sheet of material. The die-cutting 
process requires that the parts must be separated 
by at least 0.1 inch from each other and the edge 
of the sheet. Design a layout for a die to cut as 
many parts as possible from the sheet, and use the 
information from the Section Properties Tool to 
determine the percentage of the raw material that 
will be scrap. 


FIGURE P9.8 



























CHAPTER JO 

Solution of 
Vector Problems 



Introduction 

Many engineering problems involve the manipulation of vectors. A 
vector is a representation of a quantity that is defined by both a magni¬ 
tude and a direction, as opposed to a scalar quantity that can be defined 
by a magnitude only. For example, the speed of an object is a scalar 
quantity, while velocity is defined by both the speed and the direction 
of the object’s motion, and therefore is a vector quantity. The SOLID- 
WORKS 2-D drawing environment allows for easy graphical solution 
of vector problems. 


10.1 Vector Addition 

Consider the two forces acting on the hook as shown in Figure 10.1. 
We would like to find the resultant force, or the single force that 
affects the hook in an equivalent manner to the two forces. The resultant 
force is the vector sum of the two vectors A and B. (Vector quantities 
are usually denoted by bold type or by a bar or arrow over the symbol: 
A or A or X.) 


Chapter Objectives 

In this chapter, you will: 

■ learn how to add vector 
quantities graphically, 

■ work with driving and 
driven dimensions, 

■ learn to solve for any 
two unknowns (magni¬ 
tudes and/or directions) 
in a vector equation, and 

■ perform position analysis 
for some common 
mechanisms. 
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FIGURE 10.2 



Analytically, the vectors can be added by adding the 
components of the two vectors. If we define an x-y 
coordinate system, then each vector can be broken into 
its x and y components, as shown in Figure 10.2. 

The components of the resultant vector R are found by 
adding the components of A and B: 


x component 


y component 


A -60 cos (25°) = -54.38 lb. 60 sin (25°) = 25.36 lb. 

B 70 cos (60°) = 35.00 lb. 70 sin (60°) = 60.62 lb. 

R -19.38 lb. 85.98 lb. 


From the components, the magnitude and direction FIGURE 10.3 
of R can be determined (see Figure 10.3): 

R = V(19.38) 2 + (85.98) 2 = 88.14 lb. 

* =tanl (lir) =77 ' 3deg 


10.2 Vector Addition with SOLIDWORKS 

Open a new drawing. Choose A-Landscape as the paper size, with the “Display 
sheet format” box unchecked. Close the Model View Manager if it opens automat¬ 
ically. 

We must now choose scales: one for the magnitude of the vectors and another 
for the drawing. The vectors must be drawn to scale so that the length of a vector 
is proportional to its magnitude. If we choose to let 1 inch represent 10 pounds 
of force, then our two vectors will be 6 and 7 inches long. To fit onto our 8-1/2 X 
11-inch drawing, it will probably be necessary to draw the vectors at one-half scale. 

Right-click anywhere in the drawing area, and select Properties from the 
menu (it may be necessary to click the double arrow at the bottom of 
the menu to show the Properties item). Change the scale to 1:2. 

(The default scale is defined in the template selected when creating the 
drawing.) 

Select the Line Tool from the Sketch group of the Command Manager, and 
drag out a diagonal line to represent the Vector B. From the starting 
point of this vector, drag out a horizontal centerline, as shown in Figure 
10.4. 
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If sketch relations are not visible, 
show them by selecting View: 
Hide/Show: Sketch Relations from the 
main menu. Also, to make the lines 
representing the vectors stand out 
from the dimension lines, select the 
Options Tool and under the Document 
Properties tab, select Line Font: 
Sketch Curves. Choose a heavier line 
thickness, as shown in Figure 10.5, and 
click OK. 


FIGURE 10.5 
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Borders 

E8- Dimensions W 
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DimXpert 
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;+: Views 
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Drawing Sheets 
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Line Font 
Line Style 
Line Thickness 
Image Quality 
Sheet Metal 


Dimension the length of the vector 
line as 7 inches, and the angle 
between the vector line and the hori¬ 
zontal centerline as 60 degrees, as 
shown in Figure 10.6. If desired, increase the font size of 
the dimensions by selecting the Options Tool and under 
the Document Properties tab, choose Dimensions: Font and 
set the font size to a larger point size. 

To add vectors graphically, we set them “tip-to-tail.” That is, 
the second vector starts at the end of the first vector. 

Draw the second vector line diagonally from the end of 
the first vector. (Be sure not to align this vector line with 
any of the dashed lines that appear. Doing so will add a 
relation to the line that will have to be deleted before the 
vector’s magnitude and direction can be defined.) Add 
another horizontal construction line, and add the 6-inch 
and 25-degree dimensions as shown in Figure 10.7. 
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Custom Size 



The resultant vector extends from the starting point of the 
first vector to the ending point of the second vector. 


Add the line representing the resul¬ 
tant vector, as shown in Figure 10.8, 
snapping to the endpoints. Add a 
length dimension to this line. 
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FIGURE 10.9 



When you add this dimension, you will get a message that 
adding this dimension will make the drawing over defined, and 
asking if you want to make the dimension driven or leave it as 
driving (Figure 10.9). Click OK to make the dimension driven. 

A driving dimension helps control the size and position of the 
drawing or sketch entities, while a driven dimension does not. By 
default, driven dimensions are shown gray. We will see how to 
change this option in the next section. 



Add a horizontal centerline and the 
angular dimension of the resultant 
vector, as shown in Figure 10.10. 
Click OK to make the dimension 
driven. 

To change the display of the resul¬ 
tant vector length to 3 decimal 
places, select that dimension and 
move the cursor over the Dimension Palette that appears next to 
the dimension. Select 3 places (. 123) as the unit precision, as shown 
in Figure 10.11. Also, set the angular dimension of the resultant vec¬ 
tor to 2 decimal places. 



The length of the resultant vector is 8.814 inches, corresponding to a magnitude of 
88.14 pounds. This value and the angle of 77.3 degrees relative to the horizontal 
agree with the results found analytically. 


Click and drag the starting point of the first vector so that the sketch is centered 
on the drawing sheet. (You will probably need to move the endpoints of the cen¬ 
terlines and the angular dimensions, since the lengths of the centerlines are not 
defined.) Add a fixed relation to this point. All vector lines should now be black, 
as the drawing is fully defined. 


10.3 Modifying the Vector Addition Drawing 

The drawing just created is fine for calculating the magnitude and direction of the 
resultant vector, but visually is not clear. Vectors are usually shown with arrow¬ 
heads to indicate their directions. Also, the dimensions of the resultant vector can be 
shown differently to make them stand out from the input dimensions. We will mod¬ 
ify the drawing to make it more understandable, and to allow easy modifications of 
FIG U RE 10.12 the input quantities. 

We will first add arrowheads to the vectors. We will use a simple arrowhead: a sin¬ 
gle line segment. 

Add a line to the end of the 7-inch vector line. (Make sure that the new line is neither 
horizontal nor vertical.) Add a length dimension of I inch and angular dimension of 
20 degrees, as shown in Figure 10.12. 
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Hide the I-inch and 20-degree dimensions. 

Add arrowhead lines to the other vector lines. Add 20-degree 
angular dimensions between each arrowhead line and its corre¬ 
sponding vector line. Instead of adding I-inch dimensions to each 
arrowhead line, select all three lines and add an equal relation. 
This will allow the lengths to be easily changed. Hide the dimen¬ 
sions associated with the arrowheads, as shown in Figure 10.13 
(shown with the sketch relations hidden). 

Select Customize from the pull-down menu beside the Options 
Tool. In the list of available toolbars, check Formatting and Line 
Format, as shown in Figure 10.14. Click OK. Modify the text of the 
dimensions associated with the resultant vector by selecting them 
and changing the point sizes from the Formatting toolbar. Make 
the font of these dimensions larger than those of the other vec¬ 
tors. You can also make these text items bold by clicking the “B” 
Tool on the Formatting toolbar, as shown in Figure 10.15. 

To change the default color of the driven dimensions from gray to 
black, select the Options Tool. Under the System Properties tab, 
select Colors, and change the color of Dimensions, Non Imported 
(Driven) to black (or to some other color, if desired). To make the 
resultant vector easily identifiable, select both the vector and 
arrowhead line associated with the resultant and choose Line Color 
from the Line Format toolbar, as shown in Figure 10.16. Choose a 
new color, and uncheck the Default box. Click OK. Close the 
Formatting and Line Format toolbars. 

The completed vector drawing is shown in Figure 10.17. 

One of the main benefits of using the SOLID WORKS program to 
add vectors is that the vector drawing can be easily modified to 
solve different problems. We will use our drawing to add a different 
pair of vectors. 



FIGURE 10.14 
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FIGURE 10.15 



FIGURE 10.16 
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FIGURE 10.17 


' 6.00 



60 ° 

.L 





















280 Part Two Applications of SOLID WORKS 


Often, we prefer to define the direction of each vector by an angle 
measured from a common reference. Typically, the +x axis is used 
as the reference. 

Delete the 25- and 77.3-degree dimensions and associated reference 
lines. Add new centerlines and dimensions as shown in Figure 10.18. 
Add the 155-degree dimension first so that the 102.7-degree dimen¬ 
sion is the driven one. 

Dimensions can be changed from driven to driving or from driving 
to driven by right-clicking on the dimension and checking or 
un-checking Driven. Of course, if too many dimensions are driving, 
the drawing will be over defined. 

Let’s use this drawing to add the two vectors shown in Figure 10.19. 
In order to keep the results from the previous problem, we will copy 
our vector drawing to a new sheet. 

Right-click the sheet name (Sheet I) near the 
bottom of the screen and select Copy. Right- 
click the sheet name again and choose Paste. 

Click OK to accept the default position of the 
new sheet, which is labeled Sheet I (2). Note 
that you can rename a sheet by right-clicking 
the sheet’s tab and selecting Rename. 


We will let 1 inch equal 1 pound for the vector’s 
scale. 

On the new sheet, change the dimensions of the input vectors to 22 inches and 
110 degrees (from the horizontal) for the first vector, and 45 inches and 15 degrees 
for the second vector. 




FIGURE 10.20 


The sheet scale has changed. 
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Of course, the drawing now extends beyond 
the edges of the sheet. 

Right-click anywhere within the sheet borders, 
and select Properties. Set the scale to 1:5. 

In the dialog box that appears, set the check 
boxes as shown in Figure 10.20 and click OK. 

This will allow the relative position of the 
dimensions to stay the same, without changing 
the size of the text. 
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If necessary, delete the Fixed relation on the starting point, drag the drawing into 
the sheet boundaries, and then re-apply the Fixed relation. Drag the dimensions 
into desired positions, as shown in Figure 10.21. If desired, show the I-inch 
dimension defining the lengths of the arrowheads, change it to 4 inches, and 
re-hide the dimension. If the 41.96-degree angle changes to 221.96 degrees, click 
and drag the endpoint of the horizontal centerline to the right of the starting 
point, so that the angle is measured relative to the +x axis. 



The resultant vector has a magnitude of 48.3 pounds, and is oriented at 42 degrees 
counterclockwise (CCW) from the +x axis. 


10.4 Further Solution of Vector Equations 


In the previous example, two vectors were added to find 
the resultant vector’s magnitude and direction. In a vector 
equation, any two unknowns (magnitudes and/or direc¬ 
tions) can be determined. The following examples illustrate 
this concept. 

A small plane can travel at an airspeed of 300 miles per 
hour. The flight path is to be at a heading of 15 degrees. 
(Heading is the angular direction measured CW from due 
North.) The wind is blowing from the WNW, as shown in 
Figure 10.22, at 60 mph. Find the plane’s ground speed and 
the direction of the plane’s travel relative to the air. 
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The vector equation for this problem is: 
V = V + V 

plane air 1 T plane/air 


plane/air 


where: 

V plane = absolute velocity of the plane (ground speed)—magnitude unknown and direc¬ 
tion known 

V air = wind velocity—magnitude and direction known 

Vpiane/air = velocity of the plane relative to the air (airspeed)—magnitude known and 
direction unknown. 

Open a new A-size drawing or add a new sheet to the current drawing and set the 
drawing scale to 1:50. We will let I inch equal I mile per hour. 

Begin by drawing and dimensioning the vector representing the wind speed, as 
shown in Figure 10.23, near the bottom of the sheet. If desired, change the line 
thickness of sketch curves and the font size of the dimensions. 

Add the airspeed vector of 300 mph at an arbitrary angle, as shown in Figure 


10.24. 


FIGURE 10.23 


FIGURE 10.24 
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Add the resultant (ground speed) vector at 15 degrees from ver¬ 
tical as shown in Figure 10.25. If desired, change the color of the 
resultant vector line to make it easy to distinguish from the air¬ 
speed and wind vectors. 

Select the endpoints of the ground speed and airspeed vectors, 
as shown in Figure 10.26. In the PropertyManager, click Merge to 
bring these points together, as shown in Figure 10.27. 


FIGURE 10.26 


FIGURE 10.27 




Fix the starting point of the first vector, so that the drawing is fully defined. Add 
driven dimensions for the ground speed magnitude and the direction of the air¬ 
speed, as shown in Figure 10.28. If desired, add arrowheads to make the directions 
of the vectors easier to visualize. 


The result is that the ground speed is 279 miles per hour. Relative to 
the wind, the plane must fly about 4 degrees east of due north to achieve the desired 
course. 
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Change the dimensions defining the wind 
speed vector, as shown in Figure 10.29. 
Make the wind speed vector directly from 
west to east by changing the value of the 
angle to zero or by deleting the 30-degree 
dimension and adding a horizontal rela¬ 
tion to the line. 

Figure 10.29 shows the resulting vector 
equation. The ground speed is now 310 
miles per hour, as the wind contributes to 
the east-to-west component of the plane’s 
travel. 



10.5 Kinematic Sketch of a Simple Mechanism 


In Chapter 11, we will look at the application of the SOLIDWORKS program to 
model mechanisms, with assemblies of 3-D component parts. Often, the first step in 
the design of a mechanism is the preparation of a kinematic sketch, a 2-D drawing 
showing simplified representations of the members. For example, a four-bar link¬ 
age, which is a common mechanism used in many machines, can be represented by 
four lines, as shown in Figure 10.30. 


In a kinematic analysis, the 
velocities and accelerations of 
the links and points are calcu¬ 
lated, based on the velocity and 
acceleration of the driving link. 
For example, if Link 2 is con¬ 
nected to a motor and rotated 
about its pivot point at a con¬ 
stant velocity, the angular veloc¬ 
ities and accelerations of the 
other two moving links and the 
translational velocities and 
accelerations of points on those 
links can be calculated. The accelerations are important because force is proportional 
to acceleration. If the accelerations are known, the forces acting on the members and 
joints can be calculated. (Note: Although there are only three moving members, this 
mechanism is referred to as a four-bar linkage because it is connected to a fixed or 
ground link, which is usually called Link 1.) 



: 7 inches 
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The first step in any kinematic analysis is a position analysis. For a given position 
of the driving link (the angular position of Link 2), the positions of the other links 
must be calculated. Obviously, these positions can be calculated using trigonome¬ 
try. For many mechanisms, a position analysis using trigonometry is surprisingly 
complex. A graphical solution is often utilized. The SOLIDWORKS program is an 
excellent tool for graphical position analyses, in that dimensions can be easily 
changed and the effects on the rest of the linkage can be determined. 

The links are often represented 
by vectors, as shown in Figure 
10.31. In this case, all of the 
vector magnitudes (lengths) are 
known, as well as two of the 
vector angles. Link 1 is hori¬ 
zontal, and we will be perform¬ 
ing the analysis for a given 
orientation of Link 2, the driv¬ 
ing link. Therefore, we can 
solve the vector equation for the 
two unknown quantities, the 
angles 0 3 and 0 4 . 

In the previous sections, we used a SOLIDWORKS drawing to create our sketches. 
For this example, we will sketch within a SOLIDWORKS part file. For creating a 
quick sketch, the part file is often preferable because the sketches automatically 
scale. That is, since the sketch is not required to fit a paper size, we can enter the 
dimensions in any scale and simply change the viewing scale to display the entire 
sketch. (Sketches can also be created in assembly files. Often, a layout sketch within 
an assembly is used to size and/or position the components of a mechanism.) To 
print a copy of a sketch created in a part file, the screen capture utility can be used 
to copy and paste the sketch to a word processing file. The 
advantages of using a drawing file to create a sketch are 
that the drawing can be printed to the precise scale and with 
a title block, if desired, and the drawing can be formatted 
and annotated more easily. 

Open a new part file. Select the Front Plane. 

Beginning at the origin, draw three lines at arbitrary ori¬ 
entations, as shown in Figure 10.32, without adding verti¬ 
cal, horizontal, or perpendicular relations. 

Add a centerline representing Link I, and add a Horizontal 
relation to this line, as shown in Figure 10.33. 


FIGURE 10.32 
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Add length dimensions, as shown in Figure 10.34. Be sure to add dimensions ori¬ 
ented with the links, not horizontal or vertical dimensions. If desired, activate the 
Line Format toolbar and set the thickness of the lines representing the links to a 
greater thickness. 

Add the angular dimension between Links I and 2, setting it to 90 degrees, as 
shown in Figure 10.35. The sketch is now fully defined. 




Add horizontal centerlines from which the angular positions of Links 3 and 4 will 
be measured, as shown in Figure 10.36. 
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Add an angular dimension between Link 3 and the adja¬ 
cent horizontal centerline. A box will appear with the 
message that this dimension will over define the draw¬ 
ing. Select OK to make the dimension driven, as shown 

in Figure 10.37. 

Add an angular driven dimension defining the position of 
Link 4. In the PropertyManager, set the decimal places 
of these dimensions to 2. 


FIGURE 10.37 



Select the Options Tool. Under System 
Options: Colors, scroll to Dimensions, 
Non Imported (Driven) and select Edit, 
as shown in Figure 10.38. Change the 
color to blue. 

The completed sketch is shown in Figure 
10.39. 

When driven dimensions are shown in a 
different color, it makes clear that these 
dimensions do not control the position of 
the mechanism. Double-clicking on these 
driven dimensions will not allow their 
values to be edited. 



The advantages of modeling mechanisms in the SOLID WORKS environment are 
seen when multiple variations of the mechanisms are to be found. For example, if 
we need to find 0 3 and 0 4 for a value of 0 2 = 45 degrees, we need to change only that 
dimension. 


Double-click on the 90-degree dimension and change its value to 45 degrees. 
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Notice that the driven dimensions 0 3 and 0 4 are 
updated accordingly, as shown in Figure 10.40. 

A driving dimension can be changed to a driven 
dimension by right-clicking and selecting Driven, as 
shown in Figure 10.41 . (The right-click menu is quite 
long when selected in this context; you may need to 
scroll down to find the Driven item toward the bottom 
of the menu.) You can also make a dimension driven 
or driving from the Other tab in the PropertyManager. 

Change the 45-degree dimension to Driven. 


We can now click and drag the endpoint of Link 2, as 
shown in Figure 10.42, to investigate the range of pos¬ 
sible motions. This mechanism is classified as a 
crank-rocker because one of the members that pivots about a fixed point can rotate 
360 degrees (a crank), while the other member that pivots about a fixed point oscil¬ 
lates back and forth (a rocker). We notice that as the crank, Link 2, revolves, there 
are two positions for which Link 4, the rocker, is vertical. If we want to determine 
the positions of the crank for which this condition applies, then we need to make 0 4 
a driving dimension. 
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Drag one of the links until Link 4 is almost 
vertical, as shown in Figure 10.43. 

Right-click on the dimension defining the 
angular position of Link 4 and clear the 
Driven check mark. Change the dimension to 
90 degrees. Set the display of the angular 
position of Link 2 to two decimal places. 



We see in Figure 10.44 that 0 2 equal to 59.95 
degrees results in Link 4 being vertical. 

When dragging Link 2 through its full range 
of motion, we found that there are two con¬ 
figurations for which Link 4 is vertical. 


FIGURE 10.44 



Set the 90° angle defining Link 4 to Driven. 
Drag the mechanism to approximately the 
position shown in Figure 10.45, and set the 
dimension back to Driving. Set the dimen¬ 
sion to 90 degrees. 

We see that 0 2 = 11.13 degrees is another 
solution for which the rocker is vertical. 

We can now examine the effect of changing 
the length of one of the links. 


FIGURE 10.45 
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Set the mechanism back to its original position, with 0 2 as the driving dimension 
with a value of 90 degrees and 0 4 as a driven dimension, as shown in Figure 10.46. 

Double-click the 6-inch dimension and change its value to 4 inches, as shown in 

Figure 10.47. 

Change the 90-degree dimension to 150 degrees. 


FIGURE 10.46 




FIGURE 10.48 



Note that the position of the links remains unchanged, 
and the message shown in Figure 10.48 is displayed. To 
understand why the position is invalid, we can drag the 
links to determine their range of motion. 

Click OK to clear the message box, and set the 90- 
degree dimension to Driven. Drag the endpoint of 
Link 2 as far as possible in the counterclockwise direc¬ 
tion, as shown in Figure 10.49. 
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We find that when 0 2 reaches about 123 degrees, Links 3 and 4 are aligned, prevent¬ 
ing Link 2 from rotating further. This condition defines a toggle position of the 
mechanism. The mechanism is called a double-rocker, since neither link that pivots 
around a fixed point can rotate 360 degrees. 

To find the precise location of the toggle position, a relation between Links 3 
and 4 can be added. 

Select Links 3 and 4, and add a collinear relation. The value of 0 2 shown in 
Figure 10.50, 123.20 degrees, defines the toggle position. 



A second toggle position exists at 0 2 = -123.20 degrees. 

If you want to move the mechanism, it is necessary to either click on the 
collinear relation icon on the drawing and press the Delete key, select either 
Link 3 or Link 4 and delete the collinear relation from the PropertyManager, 
or use the Undo key to remove the relation. 

Note that in Figure 10.50, the angle defining 0 3 is shown as 343.80 degrees meas¬ 
ured CCW from the +x axis. If you would prefer to show this angle as less than 
180 degrees right-click the dimension and choose Display Options: Explementary 
Angle. This will cause the angle to be measured CW from the +x axis, as shown in 

Figure 10.51. 
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PROBLEMS 


P10.1-10.6 For each problem, create a drawing to find the resultant vector from the addition 
of the vectors shown in Figures PI0.1 through PI0.6. Report the resultant’s magnitude 
and its direction angle, measured counterclockwise from the +x axis. 


FIGURE PIO.I 
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P10.7 The resultant of these two vectors is a vector with direction along the +x axis. Make a 
drawing to find the magnitudes of vector A and the resultant vector. 

P10.8 The resultant of these two vectors is a vector with direction along the +x axis, with a 
magnitude of 80 pounds. Make a drawing to find the angles 0 A and 0 fi . 


FIGURE PI0.7 



FIGURE PI0.8 
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P10.9 Consider two cars A and B approaching an intersection as shown in Figure 
PI0.9. Using the vector equation = v A + v B/A , find the velocity v B/A , 
which is the velocity of B relative to A (that is, the apparent velocity of car 
B when viewed from car A). Comment on the result. Repeat the problem to 
find v B/A if car B is travelling away from the intersection at 40 mph. 

FIGURE PI0.9 



1 Car A: 

® v = 30 mph 


P10.10 The motion of a piston within a cylinder can be represented by the 

kinematic sketch shown in Figure PI0.I0A. This is an example of a slider- 
crank mechanism. Create this sketch, with the center of the rectangle 
representing the piston coincident with the vertical centerline. Examine the 
motion as the crank (the 2-inch long link) is rotated about the origin. Add 
the two angular dimensions shown in Figure P10.10B, with the connector 
angle (the 22.5-degree dimension) being a driven dimension. Find the 
extreme values of the connector angle. 



FIGURE PI0.10B 
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P10.ll The mechanism illustrated in Figure PI0.11 is called an offset slider-crank. 

As the crank (Link 2), rotates, the slider (Link 4), moves back and forth along a 
horizontal line. The distance L 4 is the horizontal distance from the pivot point of the 
crank to the pin joint between the connector (Link 3) and the slider. Link 1 is the 
ground, and the distance L, is the offset distance. 

Construct a layout drawing of the mechanism, with L l = 30 mm, L 2 = 50 mm, and 
L 3 = 150 mm. 

a. Find L 4 and 0 3 for a crank angle 0 2 = 45 degrees. 

[Answers: 170.4 mm, 25.8 degrees) 

b. Find L 4 for values of 0 2 of 0, 90, 180, and 270 degrees. 

c. Find the minimum and maximum possible values of L 4 and the corresponding 
crank angles. 
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CHAPTER 

Analysis of 
Mechanisms 



Introduction 


A mechanism is an assemblage of links and joints that are connected 
together to achieve a desired motion task. The links provide the 
mechanical structure of the mechanism, while the joints provide the 
ability for the mechanism to move. Some typical kinds of mechanisms 
used by mechanical engineers are shown in Figure 11.1. 


FIGURE I I. I 



The ways in which we can connect links with joints and provide a 
mechanism with the ability to move are seemingly endless. Also, the 
links can take on any shape and size we desire, and the motion may 
change in complicated and seemingly unpredictable ways as we modify 
the links. The design of a mechanism may seem like a daunting task. 


Chapter Objectives 

In this chapter, you will: 

learn some basic termi¬ 
nology associated with 
mechanism design, 

■ use the assembly model¬ 
ing techniques learned in 
Chapter 6 to develop a 
working model of a 
mechanism, 

■ perform a motion simula¬ 
tion of a mechanism, and 

export a motion simula¬ 
tion as a video file. 
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Part Two Applications of SOLIDWORKS 


Computer-aided design (CAD) packages have become valuable tools in the design 
and analysis of mechanisms. The ability for the design engineer to adjust the size, 
shape, and interconnectivity of links and joints and quickly assess the impact on the 
mechanism has accelerated the design cycle of mechanisms. The SOLIDWORKS 
program, with its ability to represent geometric constraints between structural com¬ 
ponents using assembly mates, is ideally suited to the design and virtual prototyping 
of complex mechanisms. 

The remainder of this chapter will be devoted to the use of the SOLIDWORKS pro¬ 
gram in the design of mechanisms through a case study involving the design of a. four- 
bar linkage. In Chapter 10, we evaluated the motion of a four-bar linkage in a 2-D 
sketch, with lines representing the links. In this chapter, we will model the links as 
3-D parts, and use a motion study to visualize the motion of the linkage. 


Approaching Mechanism Design 
with SOLIDWORKS Assemblies 

Consider the four-bar linkage, a classic 
mechanism used in engineering, shown in 

Figure 11.2. 


It consists of three structural links , con¬ 
nected to each other and to fixed pivot 
points by pin joints that allow for rotating 
motion between the links. Though it only 
has three physical links, it is called a four- 
bar linkage because there is an implied 
fourth structural link that represents the 
fixed frame to which the linkage is 
attached and connects the fixed ground 
points, as shown in Figure 11.3. 

While the choice of a four-bar linkage as 
our preliminary design solution is an 
important step, the parametric design 
problem of selecting the appropriate link 
lengths and ground pivot locations to give 
us the desired motion is a difficult engi¬ 
neering task. We will develop a model to 
aid in this parametric design phase. 

The features that we will employ are the 
assembly capabilities. The development 
of assembly models and the definition of 
assembly mates were covered in Chapter 6. Mated assemblies are an ideal tool for 
use in mechanism design, since the joints that provide the physical relationships 
between the links are analogous to the mates that define the geometric relationships 
between parts. 
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Think about two links connected by a pin joint, as shown in Figure 11.4. FIGURE 11.4 

The pin through the holes in the links allows for rotation between the links, 
giving a “scissors” action. The mated assembly representation of this type of 
link/joint assembly would involve two parts, with two mates serving the same 
geometric purpose as the pin joint in the physical linkage: 

• The front face of one link is aligned with the back face of the other link 
using a coincident mate; this allows one link to “slide by” the other 
without any interferences between the surfaces. (While a physical link¬ 
age would have a low-friction spacer to separate the links slightly, it is 
not necessary to model the spacer to simulate the allowed motion of 
the joint.) 

• The hole in one link is aligned with the hole in the other link using a con¬ 
centric mate; this keeps the holes aligned at their central axes. 

By capturing the essential geometric constraints that underlie a pin joint, this 
sequence of two mates imparts the same motion capabilities to the solid model that 
are seen in the physical mechanism. 

Using this simple two-link mechanism as a building block, complex mechanisms 
can be assembled and virtually tested. Mechanism motion can be tested and 
debugged without the need for physical prototypes to be constructed. The following 
section will step through the development of a model of a four-bar linkage. 



I 1.2 Development of Part Models of Links 

In this section, a step-by-step tutorial will lead you through the development of the 
part models required to make a “working” assembly model of a four-bar linkage. 
Four links, similar in shape but of different lengths, will be constructed. 


Open a new part. Select the Front Plane. 
Choose the Slot Tool from the Sketch 
Group of the CommandManager, as 
shown in Figure 11.5. In the 
PropertyManager, set the type of slot to 
Centerpoint Straight Slot (this option can 
also be selected directly from the pull¬ 
down menu beside the Slot Tool), check 
the Add Dimensions box, and make sure 
that the type of dimensioning is Center- 
to-Center, as shown in Figure 11.6. 
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Click on the origin to place the center of the shape, and drag the cursor horizon¬ 
tally, as shown in Figure 11.7. Note that a centerline connecting the centers of 
the arcs is created as the cursor is being dragged. Click to place the end of the 
centerline, and drag the cursor upward, as shown in Figure 11.8. Click to complete 
the shape, and the dimensions will be added, as shown in Figure 11.9. Click the 
check mark to turn off the Slot Tool. Double-click each dimension and set the 
values to 7 inches and I inch, as shown in Figure 11.10. 


FIGURE I 1.7 FIGURE I 1.8 



We could now extrude the link and add the holes in a separate operation, but instead 
we will add the circles representing the holes to our sketch and complete the link as 
a single extruded feature. 


Select the Circle Tool. Add circles centered at both ends of the centerline, as 
shown in Figure I l.l I. Add an equal relation between the two circles, and add a 
0.5-inch diameter dimension to one of the circles, as shown in Figure 11.12. 


FIGURE I l.l I 



FIGURE 11.12 
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Select the Extruded Boss/Base Tool from the Features group of the 
CommandManager. Set the extrusion depth to 0.25 inches, and click the check 
mark to complete the extrusion. 
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The completed part is shown in Figure 11.13. Note that our sketch included more 
than one closed contour. In previous chapters, when we have had a sketch with mul¬ 
tiple closed contours, we have had to select the contours that we wanted to extrude. 
However, in this case, one of the contours (the overall shape) completely sur¬ 
rounded the other closed contours (the circles), and the interior contours did not 
touch or overlap each other. When this is the case, by default the outer contour is 
extruded and the interior contours are not. 


FIGURE I 1.13 



Save the part as “Linkl.” 

Each of the other three links will be identical except for its length. Rather than cre¬ 
ating each of the other links individually, we can either make different configura¬ 
tions of this part, as explained in Chapter 3, or modify the length of the part and save 
each modification with a different name. We will use the latter method. 

Double-click Boss-Extrudel in the FeatureManager. The dimensions defining this 
feature will be displayed, as shown in Figure 11.14. 

FIGURE I 1.14 




FIGURE I 1.15 


Double-click the 7-inch length and change it to 
3 inches. Rebuild the model. The modified link 
is shown in Figure 11.15. 
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Choose File: Save As from the main menu. Save this part as “Linl<2.” 

Create the other two links, using the lengths as shown in Table I l.l, and save 
them using the names “Linl<3” and “Linl<4.” 


TABLE I l.l Lengths of the Four Link Parts 


Length 

Linkl 

7 in. 

Link2 

3 in. 

Link3 

6 in. 

Link4 

5 in. 


I 1*3 Development of the Assembly 
Model of the Four-Bar Linkage 

The part models developed in Section 11.2 will now be used to construct an assem¬ 
bly model of the four-bar linkage. It is this assembly model that will allow us to per¬ 
form parametric design and simple motion analysis of the mechanism. 


FIGURE I 1.16 


Insert Component ( 

✓ X -M 


Message ^ 

Select a part or assembly to insert and 
then place the component in the 
graphics area. Use the push pin to 
insert multiple copies of the same or 
different components. 

Hit OK button to insert a component at 
the origin. 


Part/Assembly to Insert 


Open documents: 
Link 4 


Open a new assembly. If the PropertyManager shown in Figure 11.16 does 
not appear, open it by selecting the Insert Components Tool from the 
Assembly group of the CommandManager. (The Begin Assembly 
PropertyManager will open whenever a new assembly is started as long as 
the box labeled "Start command when creating new assembly" is checked.) 
Any part or assembly files that are currently open will be shown in the 
PropertyManager; any other file can be selected by selecting Browse and 
navigating to the desired file’s location. Select Browse, and select the file 
Link I. Click the check mark to place this part. 

This first part will be fixed in space—note the “(f)” beside its name in the 
FeatureManager. We refer to it as the “ground link” since all motion of the 
other links will be relative to this fixed link. 

Select the Insert Components Tool. Browse to select the file Link2. Click 
in the graphics area to place Link2 in the approximate position shown in 

Figure 11.17. 


Thumbnail Preview 


0 


Start command when creating new 
assembly 
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Note that you can click and drag Link2 to move it to a new position, as shown in 

Figure 11.18. 

FIGURE I 1.18 



A coincident mate aligning the faces of these links will be defined. 

Press Esc to cancel any selections made when moving Link2. 
Select the Mate Tool to initiate a new mate. 

The Mate PropertyManager will open. 


Using the Rotate View Tool, rotate the parts so FIGURE 11.19 
that the back faces of the links can be seen. 

Select the back face of Linl<2, as shown in 

Figure 11.19. 



Switch to the Trimetric View, and select the 
front face of Link I, as shown in Figure 11.20. 


FIGURE I 1.20 
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Link2 will automatically move toward Linkl so that the selected faces show a coin¬ 
cident mate. 

Click the check mark in the PropertyManager or the pop-up box to apply the 
mate. 


A concentric mate between the holes must also be added to simulate the kinematic 
constraint of the pin joint. 



Select the inside surfaces of the holes at the left end of the links, as shown 
in Figure 11.21. 

A concentric mate will be previewed, as shown in Figure 11.22. Click the 
check mark in the PropertyManager or the pop-up menu to apply the 
mate. Click the check mark again to close the Mate PropertyManager. 

The kinematic constraints of the pin joint are now fully defined. Link2 is still 
free to move, as long as the movements do not violate the mates that we have 
placed on it. We can experiment to see the type of motion still allowed under 
the constraints we have imposed. 

Click and drag Link2. Confirm that you can rotate the link though a full 
360 degrees. Leave Linl<2 in the approximate position shown in Figure 
11.23. 



FIGURE I 1.23 


Note that the only unconstrained motion is 
rotation about the mated hole, as if the links 
were pinned together. 

Select the Insert Component Tool. Select 
Link4 and place it into the assembly. 

Select the Mate Tool. 

In earlier chapters, we learned a shortcut 
method of selecting faces not visible from 
the current view orientation. We will use 
that technique to select the back face of 
Link4. 
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Move the cursor over Link4. Right-click and pick Select Other, as shown in Figure 
11.24. 


FIGURE I 1.24 



The back face of the link is highlighted, as shown in Figure 11.25. Click the left 
mouse button to accept the selection. Select the front face of Link I. A coincident 
mate will be previewed; click the check mark to accept the mate. 


FIGURE I 1.25 



Add a concentric mate to the inner faces of corresponding holes in Link I and 
Link4. Close the Mate PropertyManager. 
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Click and drag Linl<4 to the approximate 
position shown in Figure 11.26. 

Insert Linl<3 into the assembly. Add three 
mates: 

1. A coincident mate between the back 
face of Link3 and the front face of 
either Link2 or Link4, 

2. A concentric mate between the inner 
faces of the corresponding holes of 
Link2 and Link3, and 

3. A concentric mate between the inner faces of the corresponding holes of 
Link3 and Link4. 

Note that only one coincident mate is required. The coincident mate between the 
back face of Link3 and the front face of one of the other links completely defines 
the z-direction location of Link3. 

The completed assembly is shown in Figure 11.27. 

Click on Link2, and drag to rotate it. The link will rotate 
through a full 360°, and the motion of the other links can 
be observed. Save the assembly with the file name 
“Linkage.” If prompted to do so, select Rebuild and save the 
document. 




I 1.4 Creating Simulations and Animation 
with a Motion Study 

In Section 11.3, we created a model of a four-bar linkage, and demonstrated the 
motion by manually dragging one of the links. In this section, we will learn to use 
the simulation tools built into the Assembly mode to create motion in our mecha¬ 
nism. 

SOLIDWORKS and its add-ins provide a number of levels of motion simulation. 
These include: 

• Animation, available through the MotionManager, for animating the 
motion of assemblies with linear and rotary motors driving the motion, 
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• Basic Motion, available through the MotionManager, for studying the 
motion of assemblies with the effects of contact between members, grav¬ 
ity, and springs in addition to motors, and 

• SOLIDWORKS Motion, an add-in package, used for performing physical 
simulations with quantitative analysis of velocities, accelerations, and 
forces. A tutorial covering the use of SOLIDWORKS Motion is available 
on the book’s website, www.mhhe.com/howard2017. 

This section covers simple animation with the Animation Tool; Section 11.5 will 
demonstrate more complex simulations using the Basic Motion Tool. 


At the bottom left-hand corner of the assembly window, note that 
there are three tabs: a Model tab, a 3D Views tab, and a Motion 
Study tab (labeled Motion Study 1). Note that if the Motion Study 
tab is not available, it can be added by selecting View: User 
Interface: MotionManager from the main menu. 


FIGURE 1 1.28 
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Click on the Motion Study I tab, as shown in Figure 11.28. 


The MotionManager will appear, as 
shown in Figure 11.29. The 
MotionManager allows us to add 
simulation components such as 
motors, springs, and gravity to our 
model, lets us define the duration 
and resolution of our simulation, 
and gives us the ability to output 
animation files of our simulation. 

If desired, you can provide more 
space on the screen for the graphics 
area and the MotionManager by 
selecting View: Workspace: 

Widescreen. This moves the 
CommandManager to the left 
side of the screen, as shown in 
Figure 11.30, and allows the 
PropertyManager to be moved 
around the screen. To return to the 
regular screen configuration, select 
View: Workspace: Default. 


FIGURE I 1.29 
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FIGURE I 1.30 



The first step in our simulation will 
be to add a rotary motor to drive 
Link2. 
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FIGURE I 1.31 


Motor 

Moves a component as if acted upon 
by a motor. 


Press the Esc key to deselect any FIGURE 11.32 
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selected part. Click on the Motor 
Tool, as shown in Figure 11.31. 

Aj Motor 

V X 

C 

The Motor PropertyManager will 
open, as shown in Figure 11.32, 
with the Component/Direction box 
highlighted. 

Motor Type 
|(v)| Rotary Motor 

—► Linear Motor (Actuator) 

A 

face of Linl<2, as shown in Figure 

^Tomponent/Direction 








11.33. 

This adds a motor to the link, with the “drive shaft” of 
the motor oriented perpendicular to the selected face. 
The red arrow shows the direction of rotation; this 
direction can be reversed by clicking the Reverse 
Direction button if desired. The type and speed of the 
motion can also be set; we will use the default constant 
speed motion. 


Reverse 

Direction 



FIGURE 1 1.34 
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Change the speed to 10 RPM, as shown in 
Figure 11.34. Click the check mark to close 
the PropertyManager. 

We will adjust the simulation time to show 
us two complete revolutions of the motor. 

Click and hold on the diamond-shaped key 
that marks the total simulation time, as 
shown in Figure 11.35. 


FIGURE I 1.35 
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Drag it to the right, stopping at the 12-second mark, as shown in Figure 11.36. 


FIGURE I 1.36 



Click on the Motion Study Properties Tool, as shown in Figure 
11.37. 

By default, the resolution of the simulation is set to 8 frames per 
second; this means that the simulation will produce a “snapshot” 
of the motion every 0.125 seconds (or every 7.5° of motor rota¬ 
tion, since our speed is 10 RPM). The higher we set the frames per 
second, the smoother the motion will appear in our simulation, but 
both more memory and more computation time will be required. 


FIGURE I 1.37 
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Set the Frames per second to 60 (by either moving the scroll 

wheel, clicking the up arrow, or typing in the value directly), as _ 

shown in Figure I 1.38, and click the check mark to close the Motion Study Properties 

PropertyManager. This will create a “snapshot” of motion at 
every 1 0 of motor rotation. 


Save the assembly. 


Animation 

Frames per second: 


Click the Calculate Tool to compute the simulation, as shown 
in Figure 11.39. The simulation will be computed and displayed to 
the screen. 


6d 
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FIGURE I 1.39 
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FIGURE I 1.40 
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As long as no modifications are made to the model, the 
simulation need only be computed once; after this, it may 
simply be replayed, using the Play from Start, Play, and 
Stop controls, shown in Figure 11.40. The speed of the 
playback can be changed to a multiple of the actual speed 
(for example, .5X = one-half speed) or to the total play¬ 
back duration in seconds. Note that the position of the 
linkage can be displayed for any time value of the simula¬ 
tion by dragging the Timeline slider bar to the desired 
time. The Playback Mode pull-down menu allows for options such as looping the 
animation continuously or playing the animation forward and backward continu¬ 
ously. We will use the Save Animation Tool to create a video file of the simulation. 


Playback 
Mode 

Playback Save 
Speed Animation 


Click the Save Animation Tool. 


The Save Animation to File dialog box will appear, as shown in Figure 11.41 . This 
allows us to select the appropriate directory and filename for our video file. It also 
allows us to set some parameters that control file size and image quality, such as 
number of frames per second to be saved as we create our video file. For this appli¬ 
cation, we will accept the default values. 

Browse to the appropriate file location, and click Save. 

The Video Compression dialog box will appear, as shown in Figure 11.42. This dia¬ 
log box allows us to select the image resolution of the video file. Higher-resolution 
images will result in larger file sizes. For this application, we will accept the default 
values for Compressor type and quality. 


FIGURE I 1.41 
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Click OK to close the Video Compression dialog box. 
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The simulation will be replayed again in the graphics window. While this is occur¬ 
ring, the video file will be written at the frames per second and compression level 
we specified. 

As with the video created in Chapter 3 and the animation of the assembly explosion 
created in Chapter 6, the resulting file is an AVI file. It can be played with any stan¬ 
dard video playback software. It is not associated in any way with the 
SOLIDWORKS software or files; subsequent changes in your part or assembly files 
will not be reflected in the AVI file. 

The animation file is essentially a “screen capture” of the Assembly window during 
the motion simulation; the motion will appear using the model orientation and scale 
shown in the Assembly window. In order to optimize the quality of the animation, 
the model should be oriented, centered, and scaled appropriately prior to creating 
the animation. If desired, the MotionManager and the FeatureManager can be col¬ 
lapsed prior to creating the animation file, in order to give the largest window area 
for the screen capture. The view can be changed during the animation by placing 
keys on the Orientation and Camera Views timeline, as shown in Chapter 3. 


I 1.5 Investigating Mechanism Design 

In this section, we will exploit the parametric modeling capabilities of 
SOLIDWORKS to further investigate the design of mechanisms. In Section 11.4, 
we simulated the motion of the four-bar linkage using some given link lengths. In 
this section, we will modify the lengths and use motion simulation to predict the 
impact of the design changes on the motion of the mechanism. 

The motion profile of a four-bar linkage is controlled by the relative lengths of the 
links. In the existing linkage, Link2 is capable of rotating through a full 360°. Such 
a link is called a “crank”; in a four-bar linkage a crank link will exist when the fol¬ 
lowing equation is satisfied: 

L + S < P + Q 


where: 

L = the length of the longest l ink 
S = the length of the shortest link 
P, Q = the length of the other two links. 

In our linkage, L = 7 inches, S = 3 inches, P = 5 inches, and Q = 6 inches. Since 
the condition is satisfied, at least one link (Link2) is a crank. 

We will now modify our mechanism, and use a motion study to determine the 
impact of the redesign on the motion of the linkage. 
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FUTURE STUDY 


Machine Dynamics and Machine Design 


In this chapter, we have examined a four-bar 
linkage and performed some simple motion 
analysis. If we were designing this mechanism 
for an engineering application, many more ques¬ 
tions would remain: 

• How fast will the output link oscillate, if 
we know the speed of the input link? 

• What size motor would be required to drive 
the input link? 

• How will we transmit the rotational power 
of the motor to the input link? 

Providing the answers to these questions would 
generally require the expertise of a mechanical 
engineer. The analysis of link speeds and accel¬ 
erations is classified as a kinematics problem; 
extending this analysis to the sizing of motors is 
classified as a kinetics problem. Most engineer¬ 
ing curricula include basic courses in physics 
and dynamics, which address the essentials of 
kinematic and kinetic analysis. However, 
because of the great emphasis in mechanical 
engineering on applying these principles to 


mechanisms and machinery, many mechanical 
engineering curricula include upper-level 
courses in the advanced application of kinematic 
and kinetic analysis. Such a course is often 
called a machine dynamics course, and may 
include the study not only of linkages, but also of 
the dynamics of gears, cams, and other mechan¬ 
ical devices. 

The question of power transmission requires fur¬ 
ther insight beyond kinematic and kinetic analy¬ 
sis. The choice of transmission also requires the 
investigation of various alternatives, such as a 
geared transmission, a system of belts and pul¬ 
leys, or a chain and sprocket drive. The selection 
and sizing of the appropriate transmission system 
requires knowledge not only of kinematic and 
kinetic analysis, but also of the application of 
stress analysis to the transmission components. 
This type of analysis is often covered in mechan¬ 
ical engineering curricula in machine components 
or machine design courses. 


■ 


Click on the Model tab, as shown in Figure 11.43. Double-click on Link3 in the mod¬ 
eling window, change the length from 6 to 4 inches, as shown in Figure 11.44, and 
rebuild the model. 
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The model may temporarily appear to be disassem¬ 
bled, as in Figure 11.47. Disregard this; the links will 
be properly positioned when the simulation is calcu¬ 
lated. 



The modified model is 
shown in Figure 11.45. 

Click on the Motion Study I 
tab to bring up the 
MotionManager. The Update 
Initial Animation State dia¬ 
log box will appear (Figure 
11.46). Click Yes to close the 
box. 

FIGURE I 1.46 



In order to better simulate 
the physics behind the 
motion of the mechanism, 
we will use a higher-level 
motion simulation tool 
called Basic Motion. 


Use the Type of Study pull-down menu to 
change the study type from Animation to 
Basic Motion (Figure 11.48). Select Motion 
Study Properties and set the frame rate to 
60 frames per second. Click the Calculate 
Tool to generate the motion simulation. 



10 sec 

A more realistic simulation using 
assembly mates, springs, gravity and 


▼ Linkage motors. 

<C$ Orientation and Camera Vi IT 
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The linkage begins to move as before, until the Basic Motion simulation detects a 
position in which the linkage “locks up,” as shown in Figure 11.49. Notice that in 
this position, Link3 and Link4 are aligned, and no further rotation of Link2 
is possible. The position in which the mechanism “locks up” is called a toggle posi¬ 
tion (this was also demonstrated in Chapter 10). The presence of a toggle position 
is sometimes undesirable, since it prevents full rotation of the input link. 
Sometimes, however, toggle positions are designed into a linkage, so that it can be 
used as a clamp or fixturing device. Checking our 
equation with these new dimensions, we now have 
L = 7 inches, S = 3 inches, P = 5 inches, and 
Q = 4 inches. The equation is no longer satisfied, 
which is further evidence of the presence of a 
toggle position. 


A second toggle position also exists in our mecha¬ 
nism. We will find it by further modifying our 
motion simulation. 



Click on the Timeline slider bar at the top of the MotionManager, which shows the 
current time of the simulation, as shown in Figure 11.50, and drag it to zero, as 
shown in Figure 11.51. Right-click on the motor (RotaryMotorl) in the 
MotionManager tree and select Edit Feature, as shown in Figure 11.52. Click the 
Reverse Direction button in the PropertyManager, as shown in Figure 11.53. Click 
the check mark to apply the change. 



FIGURE I 1.52 


FIGURE I 1.53 
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Moving the time back to zero before making this change causes the modification 
to the motor to take effect at the beginning of the simulation. The motor parame¬ 
ters can be edited at other time points in the simulation, causing the motor to 
change speed and/or direction during the simulation. 

Click the Calculate Tool to compute the new simulation. 

FIGURE 11.54 _ The mechanism will again 

stop at a toggle position, as 
shown in Figure 11.54. 


We have examined the 
motion case of a four-bar 
linkage where L + S < P + Q 
(where Link2 could rotate 
through 360°), and also the 
case where L + S > P + Q 
(where we found toggle positions). We will now explore the special case where 
L + S = P + Q. 

Click on the Model tab to return to the assembly. Change the length of Link3 to 
5 inches and rebuild. 



The rebuilt model is shown in Figure 11.55. FIGURE I 1.55 

Click and drag on the links, and you will see that the moving 
links can be moved so that they are all below the ground link, 
as shown in Figure 11.56. 


FIGURE I 1.56 
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In a stable four-bar linkage, the links can be assembled in either of two configura¬ 
tions, shown in Figures 11.57 and 11.58. Once assembled, the configuration is set. 
To change from one configuration to the other, it is necessary to disassemble one 
joint, rearrange the links, and re-assemble the joint. In the linkage illustrated in 
Figure 11.57, Link 4’s path of oscillation will be completely above the ground link. 
In the linkage illustrated in Figure 11.58, Link 4’s path of oscillation will be com¬ 
pletely below the ground link. In an unstable linkage, both configurations are pos¬ 
sible, and the mechanism may switch from one configuration to the other during the 
motion cycle. Unstable mechanisms are generally avoided in real motion applica¬ 
tions, since their behavior can be unpredictable. 
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Pll.l A type of mechanism used in engineering systems is the slider-crank (see 
Figure PI 1.1 A). In the slider-crank, the input link (crank) rotates 
continuously through a full 360 degrees, while the output slider slides 
along a fixed surface. Among other things, the slider-crank is the working 
schematic for a single cylinder of an internal combustion engine. Create a 
working assembly model of this mechanism, using the dimensions shown 
in Figure P11.1B. The dimensions are mm. (Hint: The bottom of the slider 
is always coincident with the ground plane.) 

FIGURE PI 1.1A FIGURE Pll.IB 



PI 1.2 The mechanism described in Pll.l can be modified by offsetting the 

pivot location of the crank from the path of the slider, creating an offset 
slider-crank, as shown in Figure P11.2A. This type of mechanism is 
sometimes called a quick-return mechanism, since the back-and-forth 
motion of the slider is different in one direction from the other. Create a 
working model of this mechanism, using the dimensions shown in Figure 
PI I.2B. The dimensions are mm. 


FIGURE PI I.2B 


FIGURE PI I.2A 
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P11.3 


Additional links can be added 
to a four-bar linkage to modify 
the motion of the links. A 
common engineering example 
is the six-bar linkage. Figure 
P11.3A shows a model of a six- 
bar linkage that simulates the 
operation of a car’s windshield 
wipers. The Crank is attached 
to the wiper motor, which 
rotates at a constant speed. The 
lengths of the Crank and 
Connector 1, along with the 
attachment location to the 
blade, are selected so that the 

rotational motion of the wiper motor is converted to the desired 
oscillating motion of the first wiper blade. Connector 2 links the two 
blades together so that they move parallel to each other. 



Model the components shown in Figure PI I.3B, and assemble them 
into the mechanism, using the spacing of ground joints shown in 

Figure PII.3C. 


FIGURE PI I.3B 
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P11.4 In the 1700s, noted engineer James Watt devised and patented a 

mechanism for generating straight-line motion with a rotational input. In 
this mechanism, shown in Figure P11.4A, the center point of Link 3 will 
trace out a straight line in space as the input link (Link 2) rotates, as 
illustrated in Figure PI I.4B. Originally designed for guiding the stroke in 
a steam engine piston, this mechanism is currently used to guide axle 
motion in automotive suspension applications. 1 Develop a working model 
of the Watt Straight Line Mechanism. Use a length of 8 inches for Links 2 
and 4, and a length of 4 inches for Link 3. The distance between the fixed 
pivot points is 16 inches. (Note: This is considered a double rocker 
mechanism ; the input link is not able to rotate through a full 360 degrees.) 



FIGURE PI I.4B 



1 Robert L. Norton, Design of Machinery, 2nd ed. (New York: McGraw-Hill, 1999). 
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P11.5 A geneva mechanism , which is illustrated in Figure PI 1.5A, is used to 
transform constant rotational motion into intermittent motion. Among 
other uses, this type of mechanism is used to control the motion of an 
indexing table in an assembly line. An indexing table will remain 
stationary for a period of time, and then rotate a fixed amount. 

Model the components necessary to create a model of the geneva 
mechanism: 



1. The geneva wheel, as detailed in Figure PI I.5B. 


FIGURE PI I.5B 
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2. The locking disk, as detailed in Figure PI I.5C. 
FIGURE PI I.5C 



3. The crank, as detailed in Figure PI I.5D. 
FIGURE PI I.5D 



Introduction to Solid Modeling 
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Crank 
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4. The ground link, as shown in Figure PI I.5E. 


FIGURE PI I.5E 



Introduction to Solid Modeling 
Using SOLIDWORKS 

Ground Link 


5. A cylindrical shaft, 0.75 inches in diameter by 2 inches long. 

6. A cylindrical pin, 0.375 inches in diameter by 0.50 inches long. 


Create the subassembly shown in Figure 
PI 1.5F from a shaft and the geneva wheel. 
Add mates so that the wheel is completely 
fixed relative to the shaft. 


Create the subassembly shown in Figure 
PI I.5G from a shaft, the crank, the pin, and 
the locking disk. Add mates so that the 
crank, pin, and disk are all completely fixed 
relative to the shaft. 



Create a new assembly with the ground link 
as the fixed component. Add the two 
subassemblies created above, and create 
mates so the shafts can rotate within the 
ground link. Orient the assembly so that the 
pin on the crank subassembly is aligned 
with one of the slots on the geneva wheel. 


FIGURE PI I.5G 
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To view the motion, click on the Move Component Tool (Figure PI 1.5H). In the 
PropertyManager, click the Physical Dynamics option (Figure PI 1.51). Drag the 
crank in a circle to view the motion, as shown in Figure PII.5J. 



PI 1.6 Develop a motion simulation of the geneva mechanism model created in 
PI 1.5. In order to do this, perform the following steps: 

a. Create a motion study, and add a rotary motor to the crank 
subassembly. 

b. Use the pull-down menu to change the motion type to Basic Motion. 

c. Add a 3-D Contact between the pin and the geneva wheel by: 

• Selecting the Contact Tool from the MotionManager (Figure 

PII.6A) 


FIGURE PI I.6A 


Contact 

Simulates contact between selected 
components. 
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• Clicking on the pin (from the crank subassembly) and the geneva 
wheel part to define a contact between these components in the 
PropertyManager (Figure P11.6B) 

FIGURE PI I.6B 



• Clicking the check mark to close the 3-D Contact PropertyManager 
The motion can now be simulated. Set the properties such that four 
full rotations of the crank are simulated. Export an AVI file of the 
motion. 

Note: It may be necessary to add a second 3-D contact between the 
locking disk and the geneva wheel to prevent overlapping of those 
two parts. 

PI 1.7 A Scotch yoke mechanism is used to convert continuous rotary motion into 
reciprocating linear motion. The mechanism is shown in Figure P11.7A. 
Create a simulation of the Scotch yoke mechanism by performing the 
following steps. 


FIGURE PI I.7A 
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a. Using the crank, shaft, and pin parts from P11.5, create the 
subassembly shown in Figure P11.7B. All parts should be fully 
constrained in the assembly. Save the assembly file as “Scotch crank.” 



b. Sketch the slotted T-shaped part, as shown in Figure PI I.7C. Extrude it 
to a height of 0.25 inches, and save the part file as “yoke.” 
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c. Create the base part shown in Figure P. 11.7D. Save it with 
the name “Scotch base.” 

FIGURE PI I.7D 



d. Assemble the Scotch yoke mechanism to allow for motion. 
(Hint: Use a tangent mate between the pin in the Scotch 
crank subassembly and the slot in the yoke part, and use 
coincident mates to establish the sliding motion between 
the slot in the Scotch base part and the yoke part.) 

e. Add a 10-rpm motor to the crank, and create an animation 
of the motion showing two complete rotations of the crank. 
Save the animation as an AVI file. 

























CHAPTER ]_2 

Design of Molds and 
Sheet Metal Parts 



Introduction 

A design engineer must always consider the method of manufacture 
when designing any part. Failure to do so may result in part designs that 
are more expensive to make than necessary, have high scrap rates, or 
cannot be made at all. 

Some manufacturing processes create unique challenges from a solid 
modeling standpoint. For example, when designing a mold, the shape of 
the part to be molded must be removed from the interior of the mold, 
usually with the dimensions adjusted to allow for shrinkage of the part 
during the cool-down portion of the molding cycle. Sheet metal parts 
are cut from flat material, and then bent into the final shape. Therefore, 
the part definition must include both the flat shape and the finished 
geometry. The SOLIDWORKS program has specialized tools for work¬ 
ing with molds and sheet metal parts. 


12.1 A Simple Two-Part Mold 

In this exercise, we will make a mold to produce a simple cylindrical 
part. We will begin by making the part itself. 


Chapter Objectives 

In this chapter, you will: 

■ create a cavity within a 
mold base, 

■ create and modify two 
mold halves that are 
linked to the mold base 
with a cavity, 

■ make a simple sheet 
metal part, 

■ learn how to show a 
sheet metal part in either 
the flat or bent state, and 

■ make a drawing of a 
sheet metal flat pattern. 


Open a new part. Draw and dimension a 3-inch diameter circle in the 
Right Plane, centered at the origin. Extrude the circle using a 
midplane extrusion, as shown in Figure 12.1. Set the total depth of 
extrusion to 5 inches. Create a new folder called “Cylinder Mold” to 
contain the files associated with this exercise. Save the part with the 
file name “Cylinder.” Do not close the part window. 
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The next step is to create a mold base , from which a cavity in the shape of the part 
will be removed. The mold base must be large enough to completely enclose the 
part. 

Open a new part. Draw and dimension a 4-inch by 6-inch rectangle in the Top 
Plane centered about the origin (Figure 12.2). 


FIGURE 12.1 


FIGURE 12.2 



Extrude the rectangle with a midplane extrusion, as shown in Figure 12.3. Set the 
total depth of extrusion to be 4 inches. Save this part with the file name “Mold 
Base.” Do not close the part window. 

We will now place the part wit hin the mold base. 

From the main menu, select File: Make Assembly from Part, as shown in Figure 
12.4. 


FIGURE 12.3 



FIGURE 12.4 
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A new assembly window will open, with the Insert Component Tool active. 

Select the Mold Base from the list of open documents, as shown in Figure 12.5. 
Click the check mark to place the part into the assembly, with the origin of the 
part placed at the origin of the assembly. 


FIGURE 12.5 


Begin Assembly (J 



Select a component to insert, then 
place it in the graphics area or hit OK 
to locate it at the origin. 


Or design top-down using a Layout 
with blocks. Parts may then be created 
from the blocks. 


Create Layout 


Note that placing the origin of the first component of 
an assembly at the origin of the assembly itself is not 
required, since the first component will be fixed and 
subsequent parts will be located relative to the first 
part. However, as noted in earlier chapters, placing 
the first part in this manner is good practice, since the 
Front, Top, and Right Planes of the assembly, as well 
as the origin, can be used as mating entities. 

Select the Insert Components Tool. Select the 
Cylinder part from the list of open files. 


^ Click the check mark to place the cylinder into the 
assembly, with the origin of the cylinder placed at 
the origin of the assembly. Save this assembly with 
a file name of “Mold Assembly.” 


Open documents: 


Cylinder 



The cylinder is now centered within the base, as 
shown in the wireframe view of Figure 12.6. Rather 
than work in a wireframe mode, it is helpful to dis¬ 
play the base as transparent. 


FIGURE 12.6 
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FIGURE 12.7 




Right-click on the part name “Mold Base” in the FeatureManager. Select 
Appearance: Appearance. In the PropertyManager, select the Advanced tab. 
Select Illumination, and move the Transparency amount slider bar (as in Figure 
12.7) to the right to display the base in varying degrees of transparency. Click 
the check mark to apply the desired transparency. 

The cylinder can now be seen within the base, as shown in Figure 12.8. 


Specular amount 


We will now create the cavity. Since the cavity will be created in the base, the 
base must be selected for editing. 


Select the Mold Base from the 
FeatureManager. Choose the Edit 
Component Tool from the Assembly 
group of the CommandManager, as 
shown in Figure 12.9. 



From the main menu, select Insert: 
Molds: Cavity, as shown in Figure 
12 . 10 . 

In the PropertyManager, select the 
Cylinder from the FeatureManager as 
the component defining the cavity. 
Set the “Scale about” option to 
“Component Origins” and the scale to 
3%, as shown in Figure 12.11. Click 
the check mark to create the cavity. Click on the Edit Component Tool to end the 
editing of the base. Save the assembly. 


FIGURE 12.9 


FIGURE 12.10 
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The scale factor causes the cavity to be larger than the finished part. Most molding 
materials shrink during cure or cooling, so the scale factor allows for that shrinkage. 


The cavity can now be seen within the base, as shown in Figure 12.12. 
If you look closely, you can see that there are gaps between the edges 
of the part and the corresponding edges of the cavity, because of the 
shrink factor. 

The base, which now includes the cavity, needs to be split into two 
halves. For this simple mold, the two halves will be identical, and so 
we could cut away half of the original base part. However, if the two 
mold halves will be different (as in the next exercise), then copies of 
the base must be made. This procedure of creating derived parts is 
illustrated here. 

Select the Mold Base from the FeatureManager. From the main 
menu, select File: Derive Component Part, as shown in Figure 12.13. 
Click the check mark to place the new part at the origin. 

A new part window is opened, and a copy of the base (including the 
cavity), is created. The advantage of creating a derived part rather 
than simply saving a copy of the base part is that associativity is main¬ 
tained. That is, if a change is made to the cylinder part, then the cavity 
in the assembly, the mold base, and the derived mold half part are all 
updated. 

Open a sketch on the front face of the new part. Select the Line 
Tool, and draw a line completely through the part, passing through 
the origin, as shown in Figure 12.14. Extrude a cut with a type of 
Through All, with the direction to cut arrow pointing up. 

The resulting part is shown in Figure 12.15. 



FIGURE 12.13 
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FIGURE 12.15 
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FIGURE 12.16 


Save the part with a file name of “Mold Half.” 



To illustrate the associativity of the parts, open the 
Cylinder part file and change the diameter from 3 to 
2 inches. Rebuild the part. Switch to the mold assembly, 
and then to the mold half. At each step, the new cylinder 
diameter will be reflected, as shown in Figure 12.16. 

Two of these mold halves can now be assembled, and 
mold-level features (fill and vent ports, alignment pins, 
etc.) can be added. 

Close all windows without saving the last changes. 


12.2 A Core-and-Cavity Mold 

In this exercise, a two-piece mold for making the card holder from Chapter 4, 
shown in Figure 12.17, will be created. The shape of this part requires that the mold 
geometry consist of a core half (Figure 12.18), with features protruding outward 
from the parting line, and a cavity half (Figure 12.19), with features cut inward from 
the parting line. 


FIGURE 12.17 



FIGURE 12.18 



FIGURE 12.19 



Our procedure will be similar to 
the one followed in the previous 
section. Since there are several 
files involved in this procedure, it 
is helpful to consider the process 
steps, which are illustrated in 
Figure 12.20. An interim assem¬ 
bly will be made from the mold 
base and part, so that the cavity 
can be placed in the mold base. 
From that assembly, copies of the 
mold base (with the cavity) will 
be derived. These copies will be modified to 
become the two mold halves. Finally, the two mold 
halves will be brought together into an assembly. 


FIGURE 12.20 
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The first step of the process will be to create the mold base, which must be sized so 
that the card holder part fits completely within its boundaries. 

Create a new folder called “Core and Cavity Mold,” and copy the card holder part 
into the folder. Open a new part. In the Top Plane, draw and dimension a rectan¬ 
gle centered about the origin, as shown in Figure 12.21. 

FIGURE 12.21 _ The dimensions shown are each 

1 inch greater than the corre¬ 
sponding dimensions of the card 
holder, allowing for 1/2 inch 
clearance between the part and the 
mold edges. 

The height of the mold base will 
be selected to allow for 1/4 inch 
above and below the part. 
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FIGURE 12.22 


Extrude the rectangle upward a distance of 
1.5 inches. 



Edit Appearance 

Edit the appearance of entities in the 
model. 


Choose the Edit Appearance Tool from the 
Heads-Up Toolbar, as shown in Figure 12.22. 
Select the Advanced tab and Illumination, and 
move the Transparency amount slider bar 
toward the right, as shown in Figure 12.23. 


FIGURE 12.23 
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The transparent part is shown in Figure 12.24. 

Save this part as “Mold Base” in the folder 
that you created earlier. 
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Select File: Make Assembly from Part from the main menu to open a new assem¬ 
bly. Insert the Mold Base into the assembly by clicking the check mark. Choose 
the Insert Components Tool and browse to locate the Card Holder. Click to place 
it in the assembly in the approximate position shown in Figure 12.25. 

We will now align the card holder with the mold base. 

Rotate the view so that the bottom surfaces of the card holder and the mold base 
are visible, as shown in Figure 12.26. 





Choose the Mate Tool. Select the 
bottom surface of the card holder 
(Figure 12.27), and then the bot¬ 
tom surface of the mold base. A 
coincident relation will be pre¬ 
viewed. Select the Distance Mate 
icon from the PropertyManager 
(Figure 12.28). Set the offset dis¬ 
tance between the two surfaces to 
be 0.25 inches. If necessary, check 
the Flip Dimension box so that the 
bottom surface of the card holder 
is above the bottom surface of the 
mold base, as previewed in Figure 
12.29. Click the check mark to 
apply the mate. 


FIGURE 12.28 
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Expand the fly-out FeatureManager by clicking on the 
arrow beside the assembly name, and then expand the 
entries for both the base and the card holder by click¬ 
ing the arrow beside each part’s name. Select the Front 
Planes of both parts as shown in Figure 12.30. Add a 
coincident mate, which is previewed in Figure 12.31. 

Add a coincident mate between the Right Planes of 
the card holder and mold base. Close the Mate 
PropertyManager. 

The card holder is now placed within the mold base, as 
shown in Figure 12.32. 


FIGURE 12.31 



FIGURE 12.30 
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FIGURE 12.32 



Save the assembly as “InterimMoldAssy.” 

Select the Mold Base from the FeatureManager. Choose the Edit Component 
Tool from the Assembly group of the CommandManager. 

From the main menu, select Insert: Molds: Cavity. In the PropertyManager, 
select the Card Holder as the component defining the cavity. Set the “Scale 
about” option to Component Centroids and the scale to 1%, as shown in 
Figure 12.33. Click the check mark to create the cavity. Click the Edit 
Component Tool to end the editing of the mold base. Save the assembly and 
mold base. 


FIGURE 12.33 
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Select the mold base from the FeatureManager. From the main menu, select File: 
Derive Component Part. Click the check mark to place the new part. 


Display the part in the Wireframe mode, as shown in Figure 12.34. 



We will now cut away the top portion of the 
mold to create the lower mold half. This 
cannot be done with a simple extruded cut, 
since that would also cut through the core 
feature that will form the underside of the 
card holder. Rather, we will perform two 
separate cutting operations to achieve the 
desired geometry. 

Select the top surface of the part and 
choose the Sketch Tool from the Sketch 
group of the CommandManager to open a 
sketch. Select the four edges of the cavity 
shown in Figure 12.35. (Remember to use 
the Ctrl key to select multiple entities.) 



Select the Convert Entities Tool, which 
will create lines from the selected edges. 

Extrude a cut with a type of “Up to 
Next.” This will cut away the top of the 
mold, but only to the cavity, as shown in 

Figure 12.36. 

In order to cut away the material around 
the edges of the mold half, it is necessary 
to use a different type of cut: one that cuts 
down to the parting surface. 


FIGURE 12.36 
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Open a new sketch on the top surface. 
Convert the eight edges shown in Figure 
12.37 into lines, using the Convert Entities 
Tool. 

Extrude a cut, with a type of “Up to 
Surface.” For the surface, choose the bot¬ 
tom surface of the cavity, which corre¬ 
sponds to the parting line, as shown in 

Figure 12.38. 

The completed mold half is shown in Figure 
12.39. 



FIGURE 12.38 



FIGURE 12.39 



Save this part as “MoldHalfLower.” 

We will now create the upper mold half. 

Switch back to the assembly containing the mold 
base and the card holder (InterimMoldAssy). With the 
mold base selected, select File: Derive Component 
Part. Click the check mark. 

In the new part, select the Section View Tool from 
the Heads-Up View Toolbar. Click the check mark 
to accept the Front Plane as the section plane. 
Zoom in to the bottom of the cavity, and click on 
the bottom surface to select it, as shown in Figure 
12.40. Open a sketch on this surface by selecting 
the Sketch Tool from the Sketch group of the 
CommandManager. 

Turn off the Section View and switch to the Top 
View. Using the Corner Rectangle Tool, drag out a 
rectangle such that the entire part is enclosed 
within the rectangle, as shown in Figure 12.41. 


FIGURE 12.40 
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FIGURE 12.42 _ Select the Extruded Cut Tool, and set the type of cut to 

Through All. Make sure that the direction of the cut is down¬ 
ward. Rotate the view so that the bottom of the part is visible, 
as shown in Figure 12.42, and click the check mark. 

Since this cut will produce two separate solid bodies (the mold 
half and part of the core), you are prompted to identify which of 
the bodies you want to keep. In our case, we do not want to keep 
the core with the upper mold half. In the dialog box, checking the 
Selected bodies option allows you to 

FIGURE 12.43 _ choose which of the solid bodies 

you want to keep, and which will be 
deleted. 

Choose the Selected bodies option. 
Check the box for Body I (the 
mold half) and clear the box for 
Body 2 (the core), as shown in 
Figure 12.43. The selected body is 
highlighted. Click OK to complete 
the cut. 

The resulting part is shown in 

Figure 12.44. 




FIGURE 12.44 


Save this part as “MoldHalfUpper.” 



Open a new assembly. Insert the two mold halves, as shown in Figure 

12.45. Make sure to place the lower mold half at the origin of the 
assembly. 

Add three mates to align the mold halves together, as shown in Figure 

12.46. 

Choose the Section View Tool from the Heads-Up View toolbar. 


FIGURE 12.45 


FIGURE 12.46 
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FUTURE STUDY 


Materials and Processes 


Our simple two-piece mold includes a cavity the 
shape of the finished part. If we created this 
mold for making a few prototype parts from a 
room-temperature curing material, such as 
polyurethane, then we could add holes for bolt¬ 
ing the halves together, a hole for pouring in the 
material, and a vent hole, and our mold would be 
functional. 

Most molds require many other features, how¬ 
ever, and tooling design is an important function 
at any manufacturing company. If a plastic part 
is to be injection-molded, then the injection 
points and vent locations must be carefully 
designed so that the molten plastic fills the cav¬ 
ity completely. The plastic’s melting and cooling 
temperatures and its resistance to flow must be 
considered when designing both the part and the 
mold. The tolerances required for the finished 
part might require that a filler be added to the 
material for dimensional stability. Ejector pins 
might need to be added to help remove the part 
from the mold. (Note that in our example, even 
though the part walls are tapered, the shrinkage 
of the part onto the core will result in forces that 


will need to be overcome in order to remove the 
part from the lower mold half.) Since the plastic 
must be injected hot but allowed to cool before 
removal from the mold, cooling lines for circu¬ 
lating water are usually added to the mold 
halves. 

Other materials have different processing 
requirements. Composite materials used for 
automotive materials are mostly compression 
molded, in which the raw material is placed 
between two mold halves and formed by apply¬ 
ing pressure with a hydraulic press. Lower- 
quantity parts can be produced by resin 
transfer molding, in which dry fabric is placed 
in a mold and liquid resin is pumped in under 
low pressure. 

Often the choice of a process depends on the 
quantity of parts to be made. A high-quality tool 
for injection molding can cost tens of thousands 
of dollars, but if this cost can be spread over 
100,000 or 1,000,000 parts, then the fast cycle 
times resulting from a good mold design can 
result in significant cost savings. 


Click the check mark to accept the Front Plane as 
the section plane. 

The mold cavity can now be clearly seen (Figure 
12 . 47 ). 

Save the file with the name “Card Holder Mold 
Assembly.” 

Suppose that we now want to change the thickness of 
the molded part. Often, if a material change is speci¬ 
fied, the thickness will need to be changed, since the 
flow of the material in the mold is a limiting factor on 
the thickness. 


FIGURE 12.47 
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□ Shell outward 

□ Show preview 


Open the Card Holder part file. Right-click on the shell feature in the 
FeatureManager. Select Edit Feature, and increase the thickness from 
0.06 to 0.125 inches, as shown in Figure 12.48. Rebuild the model. 

Open, or switch to, the interim mold assembly and then to the mold 
assembly. Click Yes to rebuild the models at each step. 


The updated mold assembly is shown in 
Figure 12.49. Of course, the mold we cre¬ 
ated is not usable without some way to get 
material into the mold. The manner in 
which this is done depends on the mold¬ 
ing process, as discussed in the Future 
Study box. Many other features may also 
be required for the mold to be usable. 
Mold design is a very specialized field, 


combining mechanical design with material sci¬ 
ence. However, an essential part of any mold 
design is the creation of the mold cavity and the 
separation of the core and cavity mold parts, such 
as we have done in these exercises. 



Close all windows without saving the last changes made. 


12.3 A Sheet Metal Part 

In this exercise we will create the sheet metal part shown in Figure 12.50. The part 
can be shown in either the bent or flat state. 


FIGURE 12.50 



Open a new part. Click on the units (IPS) on 
the Status Bar and select MMGS (millimeter, 
gram, second) as the unit system. 

Select the Right Plane. Sketch and dimension 
the three lines shown in Figure 12.51. Draw 
the vertical line first, choosing the Midpoint 
Line from the available line tools. 

This tool allows you to begin the line at the ori¬ 
gin and then drag out the line equally in both 
directions. Note that you must then close the 
Midpoint Line Tool and select the regular Line 
Tool to add the diagonal lines. 



Use the vertical centerline to align the end¬ 
points of the diagonal lines. 
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Note that we are not adding radii to the sharp corners. In sheet metal parts, bends FIGURE 12.52 
are added as separate features to a part. ^ Boss Extrude 


Select the Extruded Boss/Base Tool from the Features group of the 
CommandManager. Set the type to Mid Plane, and the extrusion depth to 100 
mm. Since the sketch is open, a thin-feature extrusion will be created. Set the 
thickness to 2 mm, as shown in Figure 12.52. 

Change the direction of the thickness if necessary so FIGURE 12.53 _ 

that the dimensions apply to the outside of the part, 
as shown from the Right View in Figure 12.53. Click 
the check mark to complete the extrusion. 

There are a number of tools that are specific to sheet 
metal parts. We can access these tools through the 
Sheet Metal toolbar or by adding the Sheet Metal 
tools to the CommandManager. 

Right-click on one of the CommandManager tabs. In 
the list of tool groups that is displayed, click on 
Sheet Metal, as shown in Figure 12.54. 

-50--I 

The Sheet Metal tools are now included in the 
CommandManager, as shown in Figure 12.55. 
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FIGURE 

12.54 
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Select the Sheet Metal tab. Select the Insert Bends 
Tool, as shown in Figure 12.56. 


FIGURE 12.55 
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FIGURE 12.56 
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Insert Bends 

Creates a sheet metal part from the 
existing part. 


Select the middle face as the one that will 
remain flat during the bending, as shown 
in Figure 12.57. Set the radius to 4 mm, 
expand the Bend Allowance parameters, 
and set the K-factor to 0.5. Leave the 
auto relief checked with the type as 
Rectangular and the factor set to 0.5, as 
shown in Figure 12.58. Click the check 
mark to complete the operation. 


FIGURE 12.57 
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The resulting bent geometry is shown in Figure 12.59. FIGURE 12.59 

The K-factor is used in converting the bent geometry into 
the flat geometry. A K-factor of 0.5 means that the length 
of the flattened metal will be calculated based on the arc 
length at the mid-thickness of the metal. This is typical for 
relatively large bend radii. If extremely tight bends are 
desired, then the K-factor may need to be adjusted to get a 
better correlation between the flat geometry and bent 
geometry dimensions. 

The FeatureManager now shows several new items, as 
shown in Figure 12.60. These new items include Sheet- 
Metal, where the bend radii, K-factor, and Auto Relief 
factors are defined, Flatten-Bendsl, where individual 
bends can be edited, and Process-Bends 1, which restores 
the bends when the part is rebuilt. The Flat-Pattern, which 
is shown as suppressed, contains the information to show 
the flattened configuration of the part 

The part can now be toggled between the flat and bent configurations using the 
Flatten Tool. 




Click on the Flatten Tool (Figure 12.61) to show the part in the flattened state, 
as shown in Figure 12.62 (shown here in wireframe mode to show the bend lines 
clearly). 


FIGURE 12.60 FIGURE 12.61 
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Notice that the Flat-Pattern is now active in the 
FeatureManager. Expanding the Flat-Pattern shows the bend 
lines and individual bend properties, as shown in Figure 12.63. 


FIGURE 12.62 


FIGURE 12.63 
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Click the Flatten Tool again to display the part in the 
bent state. 

With the part in the bent configuration, the bends 
themselves can be suppressed with the No Bends Tool, 
as shown in Figure 12.64. This tool allows you to tog¬ 
gle between the geometry with sharp corners and the 
geometry with the bends shown. 


FIGURE 12.64 
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Select the No Bends Tool, as shown in Figure 12.64. 
Note that the bend properties are grayed out in the 
FeatureManager, and that the rollback bar is above 
the bend properties, as shown in Figure 12.65. 

To add the tabs, we need to create a new plane. Since 
the tabs are to allow the part to mount flush to another 
surface, the new plane needs to correspond to the front 
edge of the part. 


FIGURE 12.65 
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Select Insert: Reference Geometry: Plane from 
the main menu or the Features group of the 
CommandManager. If there are any items 
already selected, clear them by right-clicking 
in any white space and selecting Clear 
Selections. 

Select the edge near the top of the part shown 
in Figure 12.66, and then the edge near the 
bottom of the part shown in Figure 12.67. 
Click the check mark to create the plane. 



View the plane from the Right View to make sure that it is in the correct location, 
as shown in Figure 12.68. 
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FIGURE 12.67 


FIGURE 12.68 





















342 Part Two Applications of SOLIDWORKS 



These 2 Points 


Select the new plane. Sketch and dimension the first tab, 
near the upper-left corner of the part, as shown in Figure 
12.69 (shown in wireframe mode and with the construc¬ 
tion plane hidden for clarity). Make sure to add a line 
along the bottom of the tab so that a closed contour is 
created. 


Extrude the tab toward the rear of the part. Check the 
“Link to thickness” box, shown in Figure 12.70, to set 
the thickness as the same value that was chosen when the 
part was defined as a sheet metal part. Click the check 
mark to complete the extrusion. With the tab (Boss- 
Extrudel) selected, choose the Mirror Tool. Select the 
Right Plane as the Mirror Plane, as shown in Figure 12.71. Click the check mark. 
Select the Mirror Tool again, and select the Top Plane as the Mirror Plane. Click 
the check mark. 


FIGURE 12.70 


FIGURE 12.71 
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FIGURE 12.73 
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Note that the tabs have sharp corners rather 
than bends, as shown in Figure 12.72. 
This is because the tabs were added with 
the No Bends Tool selected. In the 
FeatureManager, note that the tabs (Boss- 
Extrudel and the mirror features) appear 
before the bend properties, as shown in 
Figure 12.73. Therefore, when we turn off 
the No Bends Tool, bends will be applied 
to the tabs. 
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Click the No Bends Tool to apply the bends. 


FIGURE 12.74 


The tabs now appear with bends, as shown in Figure 12.74. The metal 
around the bends was cut per the Auto-Relief parameters set earlier. 
(The width of the cuts is 0.5 times the thickness, and the cuts extend 
0.5 times the thickness beyond the end of the bends.) 

The cutout in the part must be added in the flattened state, so that it 
can be cut as a circle. 

Drag the Rollback Bar to just below Flatten-Bends in the 
FeatureManager, as shown in Figure 12.75. To display the bend edges 
on the flat pattern, select the Options Tool. Under System Options: 
Display, set the display of tangent edges to As Visible. On the front 
surface sketch and dimension the 25-mm circle as shown in Figure 
12.76, using a centerline and a midpoint relation to place the circle. 



FIGURE 12.75 
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Cut the hole with a through-all 
extruded cut. Show the part in 
the bent shape by dragging the 
Rollback Bar to the end of the 
FeatureManager, as shown in 
Figure 12.77. The finished part 
appears in Figure 12.78, with the 
tangent edges hidden. 



FIGURE 12.77 
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FIGURE 12.78 
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Save the part as “Sheet Metal Part.” 


FIGURE 12.79 


While drawings of sheet metal parts showing their 
final dimensions are often made, a manufacturing 
drawing will show the dimensions of the flat pattern 
and bend notes detailing how the pattern is bent into 
the final configuration. We will now make a manu¬ 
facturing drawing of the part that we just modeled. 

Open a new A-size drawing, with a title block if 
desired. The Sheet Metal Part should be highlighted 
in the Model View Manager. Click the Next arrow, 
and choose the Flat pattern as the view, as shown 
in Figure 12.79. Move the cursor into the drawing 
area to see a preview of the view placement. If 
necessary, change the rotation of the view to 90 
degrees and click Flip View so that the orientation 
is as shown in Figure 12.80. Click to place the view. 
Click the check mark or press Esc to end the inser¬ 
tion of views. 
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FIGURE 12.80 
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Select the Options Tool. Under Document Properties, select Units and set the unit 
system to MMGS, with one decimal place for length dimensions and no decimal 
places for angles. Select Sheet Metal, and set the bend note style to With Leader, 
as shown in Figure 12.81. If desired, change the font size for Annotations to make 
the bend notes larger. Click OK. The notes are now shown with leaders pointing 
to the bend lines, as shown in Figure 12.82. 

FIGURE 12.81 
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FIGURE 12.82 
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Each bend note shows the bend radius and angle of the bend, as well as the direction 
of the bend (up or down) relative to the plane of the flat pattern. Importing dimen¬ 
sions into the drawing will not work correctly for most dimensions since the part 
dimensions are relative to the bent configuration. Instead, dimensions are added 
manually with the Smart Dimension Tool. 

Add dimensions and notes as shown in Figure 12.83. Add a detail view to show 
the dimensions of one of the tabs and a trimetric view to show the bent part. 
Change the dimension and note font sizes as desired. Save the drawing file. 


FIGURE 12.83 
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PROBLEMS 


P12.1 Open the interim assembly of the mold base and card holder that was 

created in section 12.2 (Figure PI2.1). Perform an interference detection 
on the assembly. How are the interferences found related to the shrinkage 
factor used to create the cavity? 


FIGURE PI2.1 



P12.2 


Create a two-piece mold for the flange part of 
Chapter 1, allowing a 2% shrink factor. Figure 
PI2.2A shows the lower mold half. Note that the 
material forming the holes is contained in the 
lower mold half. Figure PI2.2B shows the upper 
mold half. Note that the chamfer feature is 
included in the upper mold half. 


Hint: The easiest way to cut away material 
from the mold halves is to use revolved cuts. 
Figure PI2.2C shows the sketch defining the 
“cutting tool” to be revolved around the 
centerline to create the lower mold half. 


FIGURE PI2.2A 
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P12.3 Create an assembly of the two mold halves of PI2.2 and the flange. Show 
a section view of the assembly, with the mold halves transparent, as 
shown in Figure PI2.3. Comment on the interference that can be seen 
between the flange and the mold halves. 



P12.4 Create a model of the sheet metal part shown in Figure PI 2.4. The metal 
thickness is 0.060 inches, and the bend radii are 0.125 inches. All 
dimensions shown are in inches. The overall dimensions are to the outer 
surfaces of the part. 
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P12.5 Create a model of the sheet metal part shown in Figure PI2.5. The metal 
thickness is 0.060 inches, and the bend radii are 0.125 inches. All 
dimensions shown are in inches. 




P12.6 Create the box shown from the parts created in exercises PI2.4 and PI2.5. 
Since the sides of the box are mirror images of each other, it will be 
necessary to have two different part files. Open the part created in PI2.5, 
and select one of the vertical faces. Then select Insert: Mirror Part from 
the main menu. Click the check mark, and a new part file is created, 
linked to the original file. Save this file with a new name, and then 
assemble the three parts to form the box. 


FIGURE PI2.6 
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Part Two 


Applications of SOLID WORKS 


P12.7 Design a sheet metal bracket similar to the one shown in Figure PI2.7A. 
The bracket is intended to be used to join a wood 2x4 (actual 
dimensions 1.5 by 3.5 inches) to a 4 x 4 (3.5 by 3.5 inches) post, as 
shown in Figure PI2.7B, with nails or screws. Make a dimensioned 
drawing of the flat pattern of the part, including the bend notes. 


FIGURE PI2.7A 


FIGURE PI2.7B 










CHAPTER 13 

The Use of SOLIDWORKS to 
Accelerate the Product 
Development Cycle 



Introduction 

Any company that designs and/or manufactures products has seen an 
increase in global competition over the past decades. To remain com¬ 
petitive, there is great pressure to develop new products. As a result, 
product models have shorter lives, and development costs are spread 
over a fewer number of units. 

With these increased pressures, there has been a greater emphasis on 
improving and accelerating the product development process. While 
different industries and companies have their own unique procedures, 
there are some activities that are typically a part of a modern product 
development cycle: 


Physical prototypes are used early and often. 

• Computer analysis is used extensively to complement physi¬ 
cal testing. 

* Engineering functions are performed simultaneously as much 
as possible, necessitating better teamwork and data sharing. 

Solid modeling is an important tool in the product development process. 
The solid model becomes the common database used for a variety of 
engineering functions. In this chapter, we will explore two of the most 
common uses of solid modeling in product design: additive manufactur¬ 
ing and finite element analysis. We will also consider the challenge of 
managing and controlling the data produced during the product devel¬ 
opment cycle. 


Chapter Objectives 

In this chapter, you will: 

■ be introduced to the 
most popular additive 
manufacturing processes, 

■ see how a stereolithog¬ 
raphy file is used to 
define a solid part, 

■ learn how to create an 
* stl file, 

■ be introduced to the 
capabilities and limita¬ 
tions of finite element 
analysis, and 

■ learn about Product 
Data Management soft¬ 
ware. 
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13.1 Additive Manufacturing 

Additive manufacturing (AM), which is also widely known as “3D printing,” is a 
technology that is closely allied with solid modeling. In additive manufacturing, 
parts are built up layer-by-layer using equipment driven by computer models of the 
part being built. The layer-by-layer building process is called an additive process 
to contrast it with traditional subtractive machining processes, which start with 
solid material stock and create the part shape by cutting away material. 


Additive manufacturing technologies can be grouped into the following seven broad 
categories: 


FIGURE 13.1 



• vat polymerization, 
powder bed fusion, 

• material extrusion, 

• binder jetting, 

• material jetting, 

• sheet lamination, and 

• directed energy deposition 

Vat polymerization was the first 
AM technology to be commercially 
introduced. In these types of 
process, parts are built using a liq¬ 
uid resin that cures by exposure to a 
certain wavelength of light. A light 
source is used to selectively cure 
the resin, as driven by a computer 
model of the part. Stereolithography was the first commercially available form of 
this process, and is still the most widely used vat polymerization technology. In this 
process, a photopolymer, a liquid resin that cures under the application of certain 
wavelengths of light, is cured layer-by-layer by a precisely guided laser beam. The 
SLA process is illustrated in Figure 13.1. The part is submerged in a vat of pho¬ 
topolymer, supported on an elevator platform. The fabrication of each layer begins 
with the elevator lowering by the thickness of a layer, typically about 0.005 inches. 
The part is then covered by uncured resin. A mirror system directs the laser beam 
across the area to be cured for that particular cross-section. Laser power and the 
speed of the beam across the resin surface are controlled to ensure a complete cure 
of the resin while maximizing the speed of the process. When all of the layers are 
completed, which is typically several hours after the beginning of the build, the ele¬ 
vator lifts the essentially finished part out of the resin. Cleaning the part with a sol¬ 
vent and curing in a UV oven to complete the cure of the photopolymer are usually 
the only steps necessary to finish the part. Other forms of vat polymerization, which 
use light projectors to cure the layers of material, are currently in production. These 
offer build speeds much faster than traditional beam-steered laser systems, as entire 
layers can be cured at one instant. 


Powder bed fusion processes are those in which a fine powder of material is exposed 
to an energy source, which melts the material into a solid part. The most common 
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FIGURE 13.2 
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FIGURE 13.3 


example of this process is called Selective Laser 
Sintering (SLS). In this process, powder is sintered, 
or fused together, by the heat from a precisely 
guided laser beam. The SLS process is illustrated in 
Figure 13.2. As each layer is completed, the build 
platform drops by the thickness of one layer, and a 
fresh layer of powder is spread over the part and 
leveled. The laser is then directed onto the surface 
of the new powder layer, sintering the powder in the 
desired areas. A major advantage of this and other 
powder bed fusion processes is that many engineer¬ 
ing materials, including nylon, polycarbonate, and 
various metals can be used. Another advantage of 
these processes is that for complex shapes, the loose 
powder supports the part as it is being built. In most 
other AM processes, supporting structures must be 
built for complex parts, and then removed in a post¬ 
processing operation. 

Material extrusion processes are perhaps the most 
commonly seen throughout industry, academic 
institutions, and even some homes today. The most 
common form of this technology is called Fused 
Deposition Modeling (FDM). The FDM process is 
illustrated in Figure 13.3. The FDM process can be 
thought of as precisely directing a fine hot-glue gun 
to build up a part. The thermoplastic material (such 
as ABS, polycarbonate, or PLA) is fed from a 

spool. In large industrial systems, there are actually two feed spools and extruder 
heads, as the material for building support structures is different from the part mate¬ 
rial. The support material is formulated to break away from the part easily, or to dis¬ 
solve in water or another solvent. The introduction of FDM was especially 
significant in that no laser or hazardous materials were required, allowing the 
machine to be placed in an office environ¬ 
ment (although the machines should be used 
in well-ventilated areas to minimize fumes 
from the molten plastic). 

Binder jetting processes can be thought of as 
being similar to powder bed fusion 
processes, except that instead of using a laser 
to sinter the powder together, an inkjet 
printer head is used to spread binder fluid 
onto the surface of the part. A powder-based 
concept modeler is shown in Figure 13.4. 

Notice the cross-section of the ribbed flange 
part from Chapter 5 being printed. 

Material jetting processes are similar in con¬ 
cept to traditional ink jet printing, except 
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FIGURE 13.4 
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drops of material are deposited in layers on an indexing platform rather than ink on 
paper. The layers are then cured, generally with exposure to a UV light source. This 
process has the advantage of being well-suited to production of parts from multiple 
different materials, as multiple print heads filled with different materials can be used 
to print on a single layer before curing. 

In sheet lamination processes, the individual layers are cut to shape using some 
form of subtractive manufacturing, generally a laser or other computer-guided cut¬ 
ting system. These layers are then fused together into a solid part, using either adhe¬ 
sives or ultrasonic welding. The materials available range from paper to plastics to 
sheet metal. 


Directed energy deposition is an emerging technology for additive manufacturing 
of metal parts. It uses a very high powered energy source, such as an electron beam, 
to deposit and fuse together metal material provided in the form of a powder or a 
wire. In some sense, it can be thought of as producing a solid metal part through 
computer-controlled welding. These systems are very expensive to purchase and 
operate. They do produce very high quality functional metal parts. 

Additive manufacturing techniques have long been used for prototyping of mechan¬ 
ical components, but as build speed has increased and material properties have 
improved these techniques are finding acceptance in the production of end-use com¬ 
ponents for both industrial and commercial applications. While production quality 
machines can cost several hundred thousand dollars, low-cost machines based on 
FDM and even SLA technology can be found for a few thousand dollars. Extremely 
low-cost machines based on FDM technology can be found for a few hundred dol¬ 
lars. Web-based businesses where hobbyists can upload solid model files and have 
them built using AM processes are becoming popular, and have made the term “3D 
printing” a household term. 


Most domestic AM machines accept as input a type of file called a stereolithography 
(.stl) file. The structure of an .stl file is quite simple: the surfaces of a solid model 

are broken into a series of triangles, the 
FIGURE 13 5 FIGURE 13 6 simplest planar area. Each triangle is 

defined by four parameters: the coordi¬ 
nates of each of the three corners, and a 
normal vector that points away from the 
part, identifying which of the two faces 
of the triangle represents the outer sur¬ 
face of the part. 


To illustrate how an .stl file defines a 
solid part, consider the simple part 
shown in Figure 13.5. Since this part has 
only flat, rectangular surfaces, two trian¬ 
gles can exactly define each surface, as 
shown in Figure 13.6. Since the part has 
six surfaces, the part can be described by 
12 triangles. 
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To illustrate how an .stl file is created for a part with curved surfaces, consider the 
ribbed flange part modeled in Chapter 5, which is shown in Figure 13.7. 


To create an .stl file from a SOLIDWORKS part, select File: Save As from the main 
menu and select STL as the type of file from the pull-down menu, as shown in 

Figure 13.8. 


FIGURE 13.7 



Before saving the file, select the 
Options button. This opens the 
Export Options dialog box, and 
allows you to adjust the resolution 
of the .stl file, as shown in Figure 
13.9. If the Preview option is 
selected, then the triangles of the 
.stl file are shown displayed in the 
part window. 



FIGURE 13.9 
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FIGURE 13.10 



The triangles created for a resolution set to Coarse are shown in 
Figure 13.10. Note the rough approximation of the fillets by the 
triangles. 

The number of triangles created and the file size are displayed in the 
Export dialog box. For the Coarse resolution, 2326 triangles are 
used, and the size of the .stl file is 116 kb. 

If the resolution is changed to Fine, then many more triangles are 
added to the curved surfaces, resulting in a smoother approximation 
of the actual shape, as shown in Figure 13.11. In this example, 6358 
triangles are created, resulting in a file size of 318 kb. This file size is 
small enough to be easily transferred by e-mail or temporary storage 
media. 


Usually, the Fine quality is sufficient. For parts where greater reso¬ 
lution is desired, the Custom quality can be selected, and the slider 
bars moved toward the right. The only trade-off for this higher qual¬ 
ity is larger file sizes. However, since the transfer of large files via 
e-mail or Internet has become easier in recent years, file size is usu¬ 
ally not a major problem. 

When the .stl file is received by the computer controlling the AM 
machine, it is “sliced” into cross-sections by machine-specific soft¬ 
ware. Some machines allow for the thickness of the sections to be 
adjusted. Thinner layers result in greater accuracy, but of course 
longer build times. Most machines allow for multiple parts to be 
made simultaneously. 

A model of the ribbed flange being removed from a binder jetting 
machine is shown in Figure 13.12. As with the SLS process, the 
loose powder around the model supports it during the build process. When the 
model is removed, it has low strength and must be handled carefully. The model is 
then infused with wax, cyanoacrylate adhesive (“super glue”), or epoxy to give it 
strength. The finished model, infused with epoxy resin, is shown in Figure 13.13. 
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13.2 Finite Element Analysis 

Finite Element Analysis (FEA) is a method of predicting the response of a structure 
to loads by breaking the structure down into small pieces {elements). The points 
where the corner points of elements merge are called nodes. Equations predicting 
the response of each element are then assembled into a series of simultaneous equa¬ 
tions. Solution of this system of equations yields the displacements of the nodes. 
From these displacements, the stresses (forces per unit area) are calculated for each 
element. From the stresses, the factor of safety against failure of the structure can 
be predicted. The finite element method can also be applied to fluid flow analysis, 
heat transfer, and many other applications. 


Solid modeling has enabled the increased 
usage of FEA, because it automates the task 
that in the past required the most time: creat¬ 
ing the geometric model and the finite ele¬ 
ment mesh. A finite element mesh can be 
created from a solid model with only a few 
mouse clicks. Figure 13.14 shows a mesh cre¬ 
ated from the bracket model of Chapter 3. 

A 50-pound load will be applied to the end of 
the flange. After the mesh is created, the loads 
and boundary conditions are applied. 
Boundary conditions are the displacements 
controlled by external influences. For exam¬ 
ple, if we assume that the bolts attaching the 
bracket to the wall cause the back face of the 
bracket to be perfectly fixed, then we would 
apply corresponding constraints to the move¬ 
ments of the nodes on that face. The stresses 
resulting from the 50-pound load are shown 
as stress contours in Figure 13.15. 

As FEA has become easier to use, it has also 
become easier to misuse. While the software 
takes care of the number-crunching, a 
knowledgeable engineer is required to set up 
the analysis and interpret the results. 

Among the common errors made by inexpe¬ 
rienced users of FEA are: 


FIGURE 13.14 


FIGURE 13.15 





• Inappropriate choice of elements. 

Solid modeling software with a built-in 
FEA mesh generator allows a mesh of solid elements to be easily created 
from a solid model. However, in many cases solid elements are not the best 
choice. Relatively thin structures subjected to bending loads are usually 
better approximated with shell elements. A frame made up of welded struc¬ 
tural members may require tens of thousands of solid elements to produce 
an acceptable grid, while a few beam elements will produce better results 
with substantially less calculation time. 
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• Use of only linear behavior. Linear analysis is based on the assumption that 
structural response varies linearly with loading. For example, under the 
assumption of linear behavior, the deflections and stresses of the bracket when 
loaded to 100 pounds are exactly double those produced by a 50-pound load. 
There are two types of nonlinearities possible, however, that would violate this 
assumption. Geometric nonlinearity is present when the structure’s stiffness is 
significantly different in the displaced configuration than it is in the original 
configuration. Material nonlinearity is present when the material is stressed 
beyond its yield point. When the material has yielded, it may not break, but 
will deflect further with little or no additional loading. Both of these nonlin¬ 
earities require iterative solutions. That is, rather than applying all of the load 
at once, an increment of the load is applied and the equations are solved. The 
equations are then reformulated based on the results of the first solution, and 
solved again. This process is repeated until the solution is found. While this 
procedure requires much more processing time, it is necessary to obtain an 
accurate solution for many problems. 

• Inappropriate boundary conditions. In the example of the analysis of the 
bracket, it was assumed that the back face of the bracket was fixed to a rigid 
wall. Is this a reasonable assumption? Maybe, but if the screws holding the 
bracket stretch slightly, then the top of the bracket will separate from the wall, 
placing more force on the bottom of the bracket. Most actual structural 
restraints are neither perfectly fixed nor perfectly free, requiring the engineer 
to use judgment in specifying the conditions to be placed on the model. In 
some cases, the analysis may be performed several times with different bound¬ 
ary conditions to obtain the limits of possible structural response. 

• Misinterpretation of results. In Figure 13 . 15 , the stresses displayed are the 
von Mises stresses. These stresses are calculated based on a specific failure 
criterion (the von Mises criterion) that is an excellent predictor of the yield¬ 
ing of ductile materials, but may be inappropriate for predicting the failure 
of many materials. 

These common errors are not presented to discourage the use of FEA, but rather 
to encourage the proper use of the method. An engineer should have a good 
understanding of mechanics of materials and at least an introduction to FEA 
theory before using FEA for any important application. A tutorial for conducting a 
simple analysis of the bracket from Chapter 3 is available on the book’s website, 
www.mhhe.com/howard2017. 


13.3 Product Data Management 

We have mentioned earlier that solid modeling supports concurrent engineering, 
since many engineering functions can work from the same database (the solid 
model). Allowing multiple users to work on the same model or drawing, however, 
creates challenges, as well. How do companies manage their part files and drawings 
to control who can make changes? 

Before answering this question, it is helpful to consider how companies managed 
paper drawings and other data before solid modeling was introduced. When a drafts¬ 
man completed a drawing, it was checked and then went through a release process in 
which it was approved and signed off by various department representatives (design 
engineering, manufacturing engineering, safety, etc.). Copies were made and distrib- 
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uted, and then the released drawing was stored in a vault. Most medium-sized and 
large companies had a configuration management department that controlled the 
release process and subsequent changes. When a change was requested, a formal engi¬ 
neering change order process was followed. When the change was approved, it was 
amended to the drawing, or the drawing was modified and given a revision number, 
if the change was significant. It should be noted that many drawings would eventually 
have dozens of associated change orders, so managing this process was an important 
job. When a user of the drawing, say a stress analyst about to begin an FEA model, 
needed a copy, the configuration management department provided the latest version, 
including all change orders. Similarly, the Bill of Materials for each part was main¬ 
tained and provided to the purchasing and manufacturing departments. In addition to 
controlling the drawing changes, the configuration management department would 
maintain drawing trees that showed how drawings related to each other. 

A change in a part could affect an assembly at the next level. Other data might have 
been controlled but not necessarily linked to the drawings. For example, a stress 
analysis report might have been released and stored in the vault, but a person look¬ 
ing at the drawing would probably not know that the analysis had been done, or 
where to find it. Similarly, in industries where weight is important, mass property 
reports were produced, but usually not linked to drawings. 

The introduction of solid modeling presented many new challenges to configuration 
management. Some of the features that make solid modeling so exciting to design 
engineers—associativity between parts, assemblies, and drawings, ability to use the 
solid model for many functions—could cause huge problems from a data manage¬ 
ment perspective. That is, one person could make a seemingly simple change to a 
component and that change would propagate throughout an entire assembly without 
the person being aware of its effect. Now that some companies model major systems 
with solid modeling, controlling who can make changes is vitally important. 

Product Data Management (PDM) software is used to perform some of the tasks of 
the configuration management department, while streamlining communications 
between various departments. PDM entails two broad categories of functions: 

• Data management, the control of documents (part files, drawings, stress 
reports, etc.), and 

• Process management, the control of the way in which people create and 
modify the documents. 

The data management function is similar to that of the paper-based configuration 
management department, except that the released drawings are now electronic files 
and are stored in a virtual vault instead of a physical vault. (Actually, backup tapes 
and disks of the virtual vault are often stored in a fireproof physical vault.) Since the 
part and drawing information is stored in a relational database, immediate location 
and retrieval of files is possible. This helps to reduce redundancy, especially among 
standard components such as rings and fasteners. A design engineer who needs to 
specify a fastener can easily determine if there is already a similar fastener with a 
part number assigned in the system. If there is, then the purchasing department will 
not have an additional item to buy. 

Process management is the control of active procedures: who generates the data and 
how the data are transferred from one group to another. One important feature of 


360 


Part Two Applications of SOLIDWORKS 


PDM systems is work history management. In a paper-based system, having old, 
outdated drawings around is an invitation for trouble, since they can be used by mis¬ 
take. But by destroying old drawings, the history of the modifications made to that 
drawing can be easily lost as well. PDM software can track the change history of a 
part, an important function in Total Quality Management (TQM), while protecting 
against accidental usage. 

What does the future hold? Most manufacturing companies implemented 
Manufacturing Resource Planning (MRP) systems long before PDM became popu¬ 
lar. MRP systems allow the tracking of raw materials, work in progress, and 
finished inventory in the plant. The move to reduce inventories and adopt just- 
in-time raw materials deliveries necessitated the adoption of MRP systems. In many 
ways, implementing PDM to engineering functions is analogous to implementing 
MRP for manufacturing. 

The logical next step is to integrate all product development data into a single 
system referred to as Product Lifecycle Management (PLM). As with any new 
large-scale system, implementation is expensive and time-consuming, so these sys¬ 
tems are not yet widely used in industry. 

An example of the complexity of engineering data and the challenges of managing 
that data is the delay announced in 2006 of the production of the Airbus 380 jumbo 
jet. Both Airbus and its competitor in the commercial aircraft market, Boeing, have 
suppliers around the world. Coordinating the work of these suppliers is a monumen¬ 
tal challenge. On October 3, 2006, Airbus CEO Christian Streiff announced that 
delivery of the 550-seat A380 would be significantly delayed because of data trans¬ 
lation problems between engineers in Germany, who were designing and building 
the wiring harness for the plane, and engineers in France, where the final assembly 
of the plane was taking place. As a result of the errors, the wiring harnesses would 
not fit correctly—a major problem for a plane with hundreds of miles of wiring. The 
problems were expected to cost Airbus over $6 billion dollars in profits. 1 


13.4 Some Final Thoughts 

The widespread adoption of solid modeling has been part of a revolution in the way 
that products are designed and developed. As many companies have thrived with 
new technology, others that have not kept up have not been able to compete and have 
been forced to close. Although no one can predict the future, one thing seems certain: 
the pressure on companies to develop new products faster and better will not lessen. 

On a more personal scale, the same concept has held true for many engineers. An 
engineer who is adverse to change and reluctant to learn new tools is at a great com¬ 
petitive disadvantage to his or her peers. 

The good news is that most people who enter the engineering profession do so because 
they have the curiosity to want to learn new things. Keeping that curiosity alive will 
allow an engineer to have a rewarding career that is always fresh and interesting. 


1“PLM: Boeing’s Dream, Airbus’ Nightmare,” Mel Duvall and Doug Bartholomew, Baseline, 
February 1, 2007, Vol. I number 69, Ziff Davis Media. 




APPENDIX A 

Recommended Settings 


Recommended changes to the default settings of the SOLIDWORKS 
program are summarized in this appendix. These changes are intro¬ 
duced at different points in the text, but some users might prefer to 
change all of the settings at one time or to apply settings for a new 
installation of SOLIDWORKS without going back through the early 
chapters of the book. For those users, step-by-step instructions for 
changing and saving the recommended settings are presented here, and 
a list summarizing the recommended settings is shown at the end of this 
appendix. 


A. I System Settings 

Open a new SOLIDWORKS session. Move the cursor over the SOLID- 
WORKS logo in the upper left corner of the screen to display the Main 
Menu, as shown in Figure A.I. Click the push pin icon, as shown in Figure 
A.2, so that the menu is always displayed. 


FIGURE A.I 
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Choose the Options Tool, as shown in Figure A.3. Under System 
Options: Drawings: Display Style, select Hidden lines visible as the dis¬ 
play style for new views and Removed as the option for tangent 
edges in new views, as shown in Figure A.4. Under Colors, choose 


FIGURE A.2 



FIGURE A.3 


FIGURE A.4 
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Classic as the Icon color and Green Highlight as the color scheme, as shown in 
Figure A.5. While still in the Colors options, browse to the color setting for 
Drawings, Paper Color, and select Edit, as shown in Figure A.6. Choose white as 
the paper color, as shown in Figure A.7, and click OK. (Note that the Current 


FIGURE A.5 FIGURE A.6 



color scheme box will be blank after making this change.) Under Display, select 
Removed as the option for part/assembly tangent edge display, as shown in 
Figure A.8. Also, near the bottom of the dialog box, change the Projection Type 
for the four view viewport to Third Angle, as shown in Figure A.9. Click OK to 
close the Options window. 


FIGURE A.7 



FIGURE A.8 


FIGURE A.9 
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A.2 Part Settings 

Choose the New Document Tool, as shown in Figure A. 10. If this is the first time 
that you have opened SOLIDWORKS, then you will be prompted to choose a unit 
system and drafting standard. Select IPS and ANSI, as shown in Figure A.11, and 
click OK. Choose Part, as shown in Figure A. 12, and click OK. 


FIGURE A. 10 _ 
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FIGURE A. 12 
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FIGURE A. 13 





Right-click any tab of the CommandManager. In the FIGURE A. 14 
list of CommandManager tabs, click to clear all of the 
tabs except for Features and Sketch, as shown in 

Figure A. 13. 

Select Customize from the pull-down menu beside the 
Options Tool, as shown in Figure A. 14. Clear the 
box labeled “Show in shortcut menu,” as shown in 
Figure A. 15. If you check the box labeled "Lock 
CommandManager and toolbars," then accidental 
rearrangement of the user interface is prevented. You 
can also change the size of icons. Larger icons may be 
preferred, depending on the size of your screen. Select the Commands tab. Locate 
the Rotate View Tool from the View group, as shown in Figure A. 16, and click and 
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FIGURE A. 17 
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drag it onto the Heads-Up View Toolbar, as shown in Figure 
A. 17. Repeat for the Pan Tool, also found in the View group, 
as shown in Figure A. 18, and the Trimetric View Tool, found in 
the Standard Views group, as shown in Figure A. 19. Click OK 
to close the Customize window. 


FIGURE A. 18 
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FIGURE A. 19 



The Heads-Up View Toolbar should now have 
the tools shown in Figure A.20. (The locations of 
the added tools are not critical.) 


FIGURE A.20 
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FIGURE A.21 


Note that all of the settings made so far are automatically saved and will be applied 
in future sessions. The changes made in the remainder of this section are applied to 
the open document only and will need to be saved in a template file if they are to be 
applied to future part documents. Instructions for saving a template 
_ file are presented at the end of this section. 
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Select the arrow beside the Apply Scene Tool and select Plain White 
from the pull-down menu, as shown in Figure A.2I. 

In the Features Group of the CommandManager, if the Instant 3-D 
Tool is turned on (as indicated by the “depressed” appearance of 
the tool, as shown in Figure A.22), click it to turn it off. Similarly, 
in the Sketch group, turn off the Instant 2-D Tool. 
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FIGURE A.24 
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Select the Options Tool. Under the 
Document Properties Tab, select 
Drafting Standard and set the over¬ 
all standard to ANSI, as shown in 
Figure A.23. Under Dimensions, set 
the Primary precision to three deci¬ 
mal places (.123), as shown in Figure 
A.24. (If you see a message that the 
drafting standard has been changed 
to ANSI-Modified, ignore it.) Under Grid/Snap, click to 
check the box labeled “Display grid,” as shown in Figure 
A.25. Under Units, set the Unit system to IPS, the dec¬ 
imals for length units to .123, and the decimals for 
angles to None, as shown in Figure A.26. Click OK to 
close the Options window. 

As noted earlier, these last changes apply only to the 
open part document. To save these settings for future 
use, they must be stored in a template. 


FIGURE A.25 


FIGURE A.26 


: Virtual Sharps 
$ Tables 
;+] DimXpert 
Detailing 
-Grid/Snap 
Units 

Model Display 
Material Properties 
Image Quality 
Sheet Metal 


ing 


►3 Display grid 
0 Dash 

0 Automatic sea 
Major grid spacing: 
Minor-lines per major 
Snap points per minor 


m 


is 


is 


Go To System Snaps 


Drafting Standard 
a Annotations 
B Dimensions 
j~ Virtual Sharps . 
fi Tables 
g| DimXpert 
Detailing 
Grid/Snap 
Units 

Model Display 
Material Properties 
Image Quality 
Sheet Metal 


Plane Disolav 


O MKS (meter, kilogram, second) 
O CGS (centimeter, gram, second) 
O MMGS (millimeter, gram, second) 
- ® IPS (inch, pound, second) 

O Custom 


Dual Dimension Length 


-CD- 


Mass/Section Properties 













































































Appendix A Recommended Settings 365 


A.3 


From the Main Menu, select File: Save As. Change the file 
type to Part Templates, as shown in Figure A.27. The file 
directory will automatically change to the one where the 
templates are stored. Click on the file named Part to select 
it, and click Save. You will be prompted to confirm that 
you are overwriting an existing file; click OK. 


Drawing Settings 

Choose the New Document Tool, choose Drawing, as shown 
in Figure A.28, and click OK. A dialog will prompt you to 
select a sheet size, as shown in Figure A.29. (If this prompt 
does not appear, then there is already a sheet size and for¬ 
mat defined in the template, and you will have an oppor¬ 
tunity to change it later.) If you have already created a title 
block that you want to use for most drawings that you will 
make, clear the box labeled “Only show standard formats” 
and select your title block from the list, checking the box 
labeled “Display Sheet format” so that the title block 
appears on the drawing. Otherwise, choose the A-Landscape 
sheet (8-1/2 x II -inch sheet oriented with the long side 
horizontal), clear the check box labeled “Display sheet for¬ 
mat,” and click OK. 


FIGURE A.27 



FIGURE A.28 



If the Model View Command opens, 
click the X to close it, as shown in 

Figure A.30. 

Right-click any tab of the 
CommandManager. In the list of 
CommandManager tabs, click to 
clear all of the tabs except for View 
Layout, Annotation, and Sketch. 

Select the Options Tool. Under the 
Document Properties Tab, select 
Drafting Standard and set the 
overall standard to ANSI. Under 
Dimensions, set the Primary preci¬ 
sion to two decimal places (.12). 
Under Detailing, check the box for 
auto-insertion of Centerlines, as 
shown in Figure A.31. Under Units, 
set the Unit system to IPS, the 
decimals for length units to .12, 
and the decimals for angles to 
None. Click OK to close the Options 
window. 


FIGURE A.29 


FIGURE A.30 
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FIGURE A.32 
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Right-click in the drawing area and choose Properties. Note 
that you may need to click on the double-arrow at the bot¬ 
tom of the menu to display the Properties option. To show 
the Properties option whenever you choose the menu, 
choose Customize Menu and check Properties. Set the pro¬ 
jection type to Third Angle, as shown in Figure A.32. If you 
were not prompted for a sheet size earlier and wish to 
specify a custom title block, you may now choose it from 
the list. Click OK to close the Properties window. 


Before saving the settings in a drawing template file, note that if you chose a 
sheet format other than a plain sheet, or if a sheet format had been stored earlier 
in the default template, then the sheet format is stored in the FeatureManager as 
Sheet Formatl under the Sheetl entry, as shown in Figure A.33. If you save the 
template with this entry, then the specified sheet format will be loaded for each 
new drawing. If you delete the Sheet Formatl entry, then you will be prompted 
to specify a sheet size every time a new drawing is created. 

If you want to be prompted to select a sheet size for every new drawing, then 
delete the Sheet Format I from the FeatureManager if it exists. 

From the Main Menu, select File: Save As. Change the file type to Drawing Templates. 
The file directory will automatically change to the one where the templates are 
stored. Click on the file named Drawing to select it, and click Save. You will be 
prompted to confirm that you are overwriting an existing file; click OK. 


FIGURE A.33 
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A.4 Assembly Settings 


Choose the New Document Tool, choose Assembly, and 
click OK. If the Begin Assembly Command opens, click the 
X to close it, as shown in Figure A.34. 


FIGURE A.34 
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Right-click any tab of the CommandManager. In the list of 
Command Manager tabs, click to clear all of the tabs 
except for Assembly and Sketch. 

From the pull-down menu beside the Apply Scene Tool, 
select Plain White. 


Begin Assembly 



Select a component to insert, then 
place it in the graphics area or hit OK 
to locate it at the origin. 


Select the Options Tool. Under the Document Properties Tab, select Drafting 
Standard and set the overall standard to ANSI. Under Dimensions, set the Primary 
precision to three decimal places (.123). Under Units, set the Unit system to IPS, 
the decimals for length units to .123, and the decimals for angles to None. Click OK 
to close the Options window. 

From the Main Menu, select File: Save As. Change the file type to Assembly 
Templates. The file directory will automatically change to the one where the tem¬ 
plates are stored. Click on the file named Assembly to select it, and click Save. You 
will be prompted to confirm that you are overwriting an existing file; click OK. 
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The next time that you save a document, the default directory will be the one where 
the templates are saved. Make sure to change the directory to the one where you 
want to save the file. 

Your computer is now set to match the configuration used in the book. If you would 
like to back up these settings or copy them to another computer, go on to the next 
section. 


A.5 Backing Up and Transferring Settings 


The settings that you have specified and stored can be easily copied for backup pur¬ 
poses or to transfer the settings to another computer. Except for the document- spe¬ 
cific settings that were stored in the templates, settings are stored in the Windows 
registry. While editing the registry directly is not recommended, there is a tool for 
copying settings. To access this tool, select the Start Menu in Windows, 
browse to the SOLIDWORKS Tools 2017 folder, and select Copy Settings 
Wizard 2017. The wizard will prompt you to save your settings, as shown in 
Figure A.36. After specifying the location to store the settings file and choos¬ 
ing the settings to save, as shown in Figure A.37, an executable file is made, 
the icon for which is shown in Figure A.38. This is a small file that can be 
saved to a CD or flash drive. To apply these settings to a different computer 
or after a re-installation, double-click the file and choose Restore Settings. 


FIGURE A.35 
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After browsing to the location of the settings file (Figure A.39), you will be prompted 
to apply the settings to the current user (the usual choice for a personal computer) 
or to all users of the computer, as shown in Figure A.40. 

In order to back up your templates, you must first determine where they are stored. 
To do so, open SOLIDWORKS and choose Options: System Options: File 
Locations. Choose Document Templates from the list, as shown in Figure A.4I . The 
location of the templates will be displayed. You can then browse to this folder and 
copy the three template files, which are shown in Figure A.42. (The files may be in 
a hidden directory, in which case you will need to change the folder options to dis¬ 
play hidden files. In Windows 7 and 10, this is done from the Control Panel. Choose 
Appearance and Personalization: Folder Options: Show hidden files and folders. In 
Windows 10, the Control Panel can be found in the Windows System folder.) To 
install these templates to a new computer, find the location of the template files 
from the System Options and copy the desired template files to that location. 


FIGURE A.39 FIGURE A.40 
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A.6 Summary of Recommended Settings 


WITHIN PART ENVIRONMENT (*Stored in Part template): 

Main menu: Always displayed with pushpin 

CommandManager: Sketch and Features groups displayed; others hidden 
CommandManager: Features group: Instant 3D off 
CommandManager: Sketch group: Instant 2D off 

Options: System Options: Colors: Green highlight scheme, Classic Icon colors 
Options: System Options: Display/Selection: Tangent edge display removed 
Options: System Options: Display/Selection: Third angle projection 
Heads-Up Toolbar: Add Rotate View, Pan, and Trimetric tools 
Customize: Context toolbars: Show on selection, do not show in shortcut menu 
Customize: Lock CommandManager and toolbars 
*Options: Document Properties: Drafting Standard: ANSI 
*Options: Document Properties: Grid/Snap: Display grid 

*Options: Document Properties: Units: IPS system, Length decimals = .123, Angle decimals = None 
*Heads-Up Toolbar: Apply Scene: Plain white 


WITHIN DRAWING ENVIRONMENT (**Stored in Drawing template): 

CommandManager: View Layout, Sketch, and Annotation groups displayed; others hidden 
Options: System Options: Drawings: Display Style: Hidden lines visible, tangent edges hidden 
Options: System Options: Colors: Drawings, Paper Color: white 
**Options: Document Properties: Drafting Standard: ANSI 

**Options: Document Properties: Detailing: Auto-insert of centermarks and centerlines 
**Options: Document Properties: Units: IPS system, Length decimals = .12, Angle decimals = None 
**Sheet Properties: Third-angle projection 


WITHIN ASSEMBLY ENVIRONMENT (“Stored in Assembly template): 

CommandManager: Assembly and Sketch groups displayed; others hidden 
***Options: Document Properties: Drafting Standard: ANSI 

***Options: Document Properties: Units: IPS system, Length decimals = .123, Angle decimals = None 
***Heads-Up Toolbar: Apply Scene: Plain white. 
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APPENDIX JJ 

The SOLIDWORKS Interface: 
Use and Customization 


The SOLIDWORKS user interface allows for commands to be accessed 
in a number of different ways, and the interface can be customized to 
reflect the preferences of the user. 

In this book, we access most commands from the CommandManager. 
When any part, drawing, or assembly is open, the CommandManager can 
be toggled on and off by selecting Customize from the pull-down menu 
beside the Options Tool, as shown in Figure B. I , and checking/unchecking 
the box labeled “Enable CommandManager” 
under the Toolbars tab, as shown in Figure B.2. 

In order to move the toolbars and/or the 
CommandManager as will be discussed below, 
the check box labeled “Lock CommandManager 
and toolbars” must be cleared. 


FIGURE B.l 





FIGURE B.2 


When the CommandManager is turned off, 
then toolbars corresponding to the active 
groups of the CommandManager are 
displayed. For example, if the 
Features and Sketch groups are active 
on the CommandManager, then the 
corresponding toolbars are displayed 
when the CommandManager is 
turned off, as shown in Figure B.3. 
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FIGURE B.4 
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Note that these toolbars are “docked” to the left and right edges of the screen. A 
toolbar can be moved from its default position by clicking and dragging the “han¬ 
dle” at the top or left of a docked toolbar, as shown in Figure B.4. (If the handle is 
not present, then the “Lock CommandManager and toolbars” checkbox shown in 
Figure B.2 is probably checked.) The toolbar can be docked to another position along 
any edge of the screen, as shown in Figure B.5, or “floated” over the graphics area, 
as shown in Figure B.6 (an exception is the Head-Up View Toolbar, which can be 
edited or turned off, but which is always positioned at the top of the graphics area). 

When floated, the toolbar’s handle disappears and the toolbar 

_ can be moved by clicking and dragging its title bar. The toolbars 

can also be re-sized by clicking and dragging an edge of the 
View Insert Tools Window Help toolbar, as shown in Figure B.7 (although the re-sizing is some- 

_ what limited by the way in which tools are grouped within a 

toolbar). Clicking the X in the upper right corner of the toolbar 
closes that toolbar, and it can be reopened as described in the 
next paragraph. 


- V 


FIGURE B.5 


FIGURE B.6 



FIGURE B.7 



There are many other toolbars available. To see the complete list, select 
Customize from the pull-down menu beside the Options Tool (or right- 
click any toolbar or the CommandManager). Any active toolbar will have 
a check mark beside its name. To open another toolbar, click to place a 
check, as is shown in Figure B.8 for the Standard Views toolbar. Note that 
if the toolbar is docked in a position where there is not enough space for all 
tools to be displayed, as in Figure B.9, then a double-arrow at the bottom or 
right end of the toolbar indicates that not all tools are shown. Clicking on 
the double-arrow displays the hidden tools, as shown in Figure B.IO. 

The advantage of using toolbars instead of the CommandManager is that all 
tools are available with a single mouse click, while with the 
CommandManager it is often necessary to click once to change the group 
of tools and then click again to select the desired tool. For new users, the 
CommandManager is preferred because many tools have text labels. 


FIGURE B.8 


FIGURE B.9 
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As with toolbars, the CommandManager can be moved to other locations on 
the screen. If the CommandManager is moved or turned off accidentally, then the 
default position can be restored by selecting View: Workspace: Default from the 
main menu. Users with wide screen monitors may want to try selecting View: 
Workspace: Widescreen. The widescreen mode places the CommandManager at the 
left side of the screen, as shown in Figure B. 11 , creating a better aspect ratio for the 
graphics area. When the widescreen mode is activated, the PropertyManager is 
allowed to float on the screen. The ability to move the PropertyManager is available 
in the default workspace configuration as well, but its default position is to occupy 
the same location as the FeatureManager. The FeatureManager is displayed unless an 
entity is selected, in which case the PropertyManager is displayed. When you click 
and drag the PropertyManager to a new position, several “docking” positions appear 
on the screen, as shown in Figure B. 12. Dragging the PropertyManager to the docking 
position at the top of the FeatureManager causes the two to share the same space, as 
they do with the default workspace configuration. To return to the layout with the 
CommandManager at the top of the screen, select View: Workspace: Default. 


FIGURE B.l I 
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FIGURE B.I3 
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Tools can be added and removed from toolbars and the 
CommandManager. When Customize is selected from 
the pull-down menu beside the Options Tool, active tool¬ 
bars and all CommandManager groups can be edited. To 
remove a tool, simply click and drag it into the graphics 
area. For example, in Figure B.I3, the Plane Tool, which 
is used to create planes in a 3-D sketch, is removed by 
dragging it from its position in the Sketch group of the 
CommandManager into the graphics area. As shown in 
Figure B.I4, the other tools in the group are re-ordered 
after the Plane Tool has been removed. (Note that 
removing this tool from the CommandManager does not 
mean that the tool itself has been deleted; it can be 
accessed from the Main Menu under Tools: Sketch 
Entities.) To add a tool, you must first locate it in the Customize box under the 
Commands tab. Commands are listed in groups. For example, you might want to 
add a Centerline Tool so that you do not have to select it from the pull-down 
menu of the Line Tool each time you want to use it. The Centerline Tool is 
located in the Sketch group, as shown in Figure B.I5. To move it onto the 
CommandManager, click and drag it to the desired position. A plus sign will 
appear when the cursor has been moved to a position where the tool can be 
placed, as shown in Figure B. 16. Releasing the mouse button causes the tool to be 
placed, as shown in Figure B. 17. Note that all tools with pull-down menus are 
included in the group named “Flyout Toolbars.” For example, the individual Line 
and Centerline Tools are contained in the Sketch group, while the Line Tool that 
contains both the Line and Centerline Tools in a pull-down menu is contained in 
the Flyout Toolbars group. 


FIGURE B.I5 


FIGURE B. 16 


FIGURE B. 17 
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In a toolbar, only the icon appears. In the 
CommandManager, there is a mix of tools with icons 
only and those with text labels. When you drag a tool 
into a group of tools in the CommandManager, then 
the appearance of the new tool matches those of the 
other tools in the group. For example, when the 
Centerline Tool is moved into a group of tools without text, then the Centerline Tool 
will be added without text. However, the appearance of the text label can be cus¬ 
tomized for each tool. By right-clicking on the tool, you can select Show Text, as 
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shown in Figure B. 1 8. This will cause the text to appear beside the tool. Tools 
with text to the side can be “stacked” in a column of tools. Right-clicking 
again allows you to choose Text Below, as shown in Figure B. 19. The result, 
as shown in Figure B.20, is that the tool icon occupies a width of the 
CommandManager by itself, and no other tools can be placed above or below 
it. Of course, if all tools were displayed this way, there would not be enough 
room on the screen for all of the tools to be shown. However, with a wide 
screen monitor, there is usually plenty of room to add and customize tools as 
desired. 


FIGURE B. 18 
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FIGURE B.21 
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Tool. You may find that you use this tool often but 
do not use the other Evaluate tools 
regularly. Rather than display the 
Evaluate group or access the Mass 
Properties Tool from the main 
menu when needed, the tool can be 
added to another group of the 
CommandManager, most logically 
the Features group. To do this, 
locate the tool from the Tools group 
of the Command list and drag it 
onto the Features group of the 
CommandManager, as shown in Figure B.21 . The Mass Properties 
Tool is now available from the Features group, as shown in Figure 
B.22, as well as from the Evaluate group of the CommandManager. 
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^ ( 

lnstant3D l 

S) 

! Curves 

lnstant3D 

# 

Mass 

Properties 



- 




cm ir»TA/r*Dvc aadh 


I A. 7 k 


In addition to the default groups of the CommandManager, additional 
groups can be added by clicking on the New Tab icon, as shown in 
Figure B.23. A list of available groups is shown, along with the option of 
creating a custom group of commands. For example, if Standard Views 
is chosen from the list, then a Standard Views group is added to the 
CommandManager, as shown in Figure B.24. A group added in this man¬ 
ner can be removed by right-clicking its tab and selecting Delete, as 
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FIGURE B.25 
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shown in Figure B.25. The default groups cannot be deleted, but their 
appearance can be toggled on or off as discussed in Appendix A. 

Other options for displaying toolbars and the CommandManager are con¬ 
trolled by the checkboxes shown in Figure B.26. When the “Enable 
CommandManager” box is checked, the box labeled “Use large buttons 
with text” allows the display of text labels with some tools as described 
previously. When this box is unchecked, the CommandManager contains 
unlabeled icons similar to those of a toolbar, as shown in Figure B.27. 


FIGURE B.26 


FIGURE B.27 
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The Icon size option is self-explanatory; 
large buttons in the toolbars and 
CommandManager are easier to interpret 
but take up more room on the screen. 
Tooltips are the descriptions of each tool 
that appear when the cursor is held over 
the tool momentarily. If the “Use large tooltips” box is unchecked, then the tooltip 
displayed contains only the name of the tool, as shown in Figure B.28. If the box is 
checked, then a more complete description is displayed, as shown in Figure B.29. 


FIGURE B.28 


FIGURE B.29 
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Context toolbars appear when cer¬ 
tain entities are selected when the 
box labeled “Show on selection” is 
checked. For example, if a flat sur¬ 
face is selected, then the menu 
shown in Figure B.30 is displayed. 
Although the icons are small, hold¬ 
ing the cursor over an icon displays 
its function, as shown in Figure 
B.3I. (This is true even if the 
tooltips are turned off.) We use 
these context toolbars sparingly in the text but have found the tools to open a sketch 
on the selected surface or to change the view orientation to be normal to the selected 
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FIGURE B.32 
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surface to be handy shortcuts. 

Below the “Show on selection” 
box is one labeled “Show in 
shortcut menus.” A shortcut 
menu is the menu that appears 
when you right-click a feature, 
either in the graphics area or in 
the FeatureManager. For exam¬ 
ple, right-clicking the feature 
name shown in Figure B.32 
causes the menu shown to be dis¬ 
played. If the “Show in shortcut 
menus” option is enabled, then the context toolbar is shown at the top 
of the menu, as shown in Figure B.32. If that option is cleared, then 
many of the commands from the context toolbar are displayed instead 
in the shortcut menu, as shown in Figure B.33. 


Feature (Boss-Extrudel) 
Comment 
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Configure Feature 
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Most new users will probably find it easier to select a command such 
as “Insert Sketch” in the menu instead of from a small icon. 
Therefore, in the text and in Appendix A we recommend leaving the 
“Show in shortcut menus” option turned off. Leaving the “Show on 
selection” box checked and the “Show in shortcut menus” box 
unchecked allows either selection option to be utilized: a command 
can be selected from the context toolbar by selecting (left- 
clicking) a feature, or the command can be selected from a menu by 
right-clicking the feature. figure r ^ 


FIGURE B.33 
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FIGURE B.34 



Many users find keyboard shortcuts to be useful. 
For example, when you want to zoom out to see 
more of your model, pressing the Z key allows you 
to zoom out without having to access any menu. 
Similarly, holding the Shift key while pressing the 
Z key allows you to zoom in. The F key scales the 
view so that the entire model can be seen (zoom to 
fit). 

One keyboard shortcut that is worth mentioning is 
the Shortcut Bar, which is accessed by pressing the 
S key. The Shortcut Bar is context-sensitive; that is, 
it displays sketching tools if a sketch is open and 
feature tools otherwise. As an example, suppose 
that we want to add a hole from the top surface of 
the block shown in Figure B.34. We can open a 
sketch by selecting the Sketch Tool from the con¬ 
text toolbar. With the sketch open, pressing the S 
key causes the menu in Figure B.35 to be displayed. 
The Circle Tool can be selected and a circle added. 
Pressing the S key again allows the selection of the 
Smart Dimension Tool, as shown in Figure B.36, 
and the sketch can be dimensioned. The sketch can 
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FIGURE B.37 
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FIGURE B.38 



then be closed, also from the shortcut menu, as shown in 
Figure B.37. With the sketch closed, pressing the S key 
results in a menu of feature tools to be displayed, from 
which the Extruded Cut Tool can be selected, as shown in 
Figure B.38. Note that when the S key is pressed, the 
Shortcut Bar appears at the location of the cursor. This 
makes it a very efficient way to select commands, mini¬ 
mizing the mouse movements between selections. The 
Shortcut Bar can be customized like any other toolbar by 
right-clicking on the toolbar and choosing Customize. 
However, the default settings contain the most commonly 
used sketch and features tools, and most users will find 
these to be sufficient. 

Just to the right of the Main Menu is the Command Search. 
The Command Search allows you to access commands by 
typing in a few letters, as shown in Figure B.39. This is a 
handy way to access commands that you do not use often. 
By clicking the Show Command Location icon beside a 
command, the command's location will be shown, either in 
the CommandManager, an open toolbar, or, as shown in 
Figure B.40, in a menu. 


FIGURE B.39 
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FIGURE B.4I 



To view all of the keyboard shortcuts, 
select Customize from the pull-down 
menu beside the Options Tool and select 
Keyboard. Selecting the option 
“Commands with Keyboard Shortcuts” 
from the menu makes browsing the key¬ 
board shortcuts easier, and clicking the 
“Shortcut(s)” column heading organizes 
the shortcut keys alphabetically, as shown 
in Figure B.41 . Shortcuts can be removed 
or reassigned, but this should be done 
with caution as many of the shortcuts, 




























































Appendix B The SOLIDWORKS Interface: Use and Customization 
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such as copy and paste, match standard Windows shortcuts. A list of some of the 
most handy keyboard shortcuts is shown here: 


KEY(S) 

COMMAND 

Viewing Tools 

F 

Zoom to fit: allows entire model to be seen 

Z 

Zoom out 

Shift + Z 

Zoom In 

Space Bar 

Orientation: displays a pop-up menu of standard view orientations 

FIO 

Toolbars: toggles display of the toolbars and CommandManager to provide a larger graphics area 

Selection Filter Tools 

E 

Filter Edges: allows only edges to be selected 

X 

Filter Faces: allows only faces to be selected 

F6 

Toggle Filters: toggles the selected filter off and on 


File Tools 

Ctrl+N 

New File 

Ctrl+0 

Open File 

Ctrl+P 

Print 

Ctrl+S 

Save File 

Other Commands 

S | Shortcut Bar 


A note about the selection filter tools, which are often used in assembly mates to 
assist in selecting the proper entity: when a selection filter is active, a “filter” icon 
appears next to the cursor, as shown in Figure B.42. When a selection filter is active, 
then only the type of entity specified by the filter can be selected. Occasionally, a 
user will press a key by accident (most likely the X key), which causes a filter to 
become active, preventing any other selections. If this happens, pressing the F6 key 
clears the filter. 


FIGURE B.42 



Another way of selecting some com¬ 
mands is with mouse gestures. When 
mouse gestures are enabled, then holding 
down the right mouse button while mov¬ 
ing the mouse slightly in any direction 
displays a circular menu like the one 
shown in Figure B.43. If the mouse is 
then moved to any of the segments of the 
circle, then the corresponding command 
is executed. Mouse gestures are con¬ 
trolled by selecting Customize from the 
pull-down menu beside the Options Tool 
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and selecting the Mouse Gestures tab, as shown in Figure B.44. If mouse gestures 
are enabled, then the menu can be set to include either four commands, as shown in 
Figure B.43, or eight commands, as shown in Figure B.45. The commands on the 
Mouse Gestures menu are context-dependent. The commands shown in Figures B.43 
and B.45 are associated with part and assembly documents; a different set of com¬ 
mands is displayed in drawings or if a sketch is active. Mouse gestures may seem 
awkward at first, but with a little practice some users will find them useful. 



m 



In this Appendix, we have seen that the SOLIDWORKS User Interface allows for 
multiple ways to select commands and for a great deal of customization to fit a 
user’s preferences. In this book, we focus primarily on the CommandManager and 
the Heads-Up Toolbar to select commands, with a minimal amount of customization 
(such as adding the Rotate View, Pan, and Trimetric View Tools to the Heads-Up 
Toolbar), and we recommend that new users limit customization. Experienced users 
will no doubt find many individual preferences for setting up and using the inter¬ 
face. 















A 

Additive Manufacturing (AM), 
352-356 

American Institute of Steel 
Construction (AISC), 86 
American National Standards 
Institute (ANSI), 8 
Animation, 304-309 
Animation controller, 

215-216 

Animation Tool, 305 
ANSI, see American National 
Standards Institute 
(ANSI) 

Apply Scene Tool, 15 
Arcs, 30, 97-98 
Area of a shape, calculating, 
266-267 

Assembly drawing 

bill of materials, 244-247 
creating, 239-241 
exploded view, 241-244 
Assembly-level dimensions, 
240-241, 242 

Assembly-level features, 208 


Assembly models 

adding fasteners, 207-211 
adding features, 205-207 
creating, 196-205 
defined, 191 
exploded view, 212-216 
importing part, 198-199 
interferences and 
collisions, 234-235 
introduction to, 191 
Mate Tool, 200-205 
subassemblies and parts, 
228-233 

Assembly settings, 366-367 
Automatic relations, 32 
Auto Relief factor, 340 
AVI file, 309 

B 

Backing up, 367-368 
Base feature, 13 
Basic Motion Tool, 305 
Basic motion, 311-314 
Bend notes, 344-346 


Bends, and sheet metal part, 
338-339 

Bent tubing, 130-134 
Bill of Materials (BOM), 
244-247 

balloon, 246-247 
editing, 245-246 
Binder jetting, 353 
Block, 265 

Boltholes, 20-22, 103-107 
four-hole pattern, 104-106 
BOM. see Bill of Materials 
(BOM) 

Border, 71 
Bosses, 13 

Boundary conditions, 357 
Bracket, 94-107 
arc for, 97-99 
cylindrical feature, 99-100 
holes, 103-107 
horizontal boss, 94 
reinforcement ribs, 
100-103 

solid part creation, 94 
symmetric sketch, 96-98 
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CAD (Computer-Aided 
Design), 4 
Cartoon View, 15 
Cap screw, 169-176 
Center hole, adding, 19 
Centerline, and 

dimensioning, 31 
Centerline Tool, 41-42 
Centerpoint Arc Tool, 257 
Center Rectangle Tool, 37-38, 
94 

Chamfer, 24 
Chamfer Tool, 24 
Circle, 10-12 

center point defined, 11 
and dimensioning, 31 
drawing, 10-12, 11-12 
methods for defining, 10 
point on parameter, 11 
Smart Dimension Tool, 
12-13 

Circle Tool, 10-11 
Circular Pattern Tool, 162 
Coincident, 32 
Coincident mate, 297, 301 
Coincident relation symbol, 
97 

CommandManager, 7, 371 
and groups, 375-376 
and toolbars, 372-373 
lock, 371-372 
Command search, 377 
Concentric reations, 98 
Concentric mate, 232, 297, 
302 

Concurrent engineering, 4 
Configuration management, 
358-359 

ConfigurationManager, 29 
Context Toolbar, 19, 

376-377 

Coordinate Measuring 
Machines (CMMs), 67 


Core-and-cavity mold, 
330-338 

Corner Rectangle Tool, 37 
Cosmetic threads, 171 -172 
Countersunk screw holes, 
193-195 

Crank-rocker, 288 

D 

Data management, 359 
Dependent parameter, 152 
Derived part, 329 
Design intent, 18 
importance of, 27 
Design table 

incorporating into 
drawing, 176-183 
inserting, 177 
Microsoft Excel 
Spreadsheet, 174-176, 
178 

Detached drawing, 77 
Dimensions 
importing, 60 
and sketch relations, 
30-35 

and tolerances, 66, 67 
Dimetric view, 14 
DimXpertManager, 29 
Directed energy deposition, 
354 

DisplayManager, 29 
Display Style Tool, 14 
Documentation, 55 
Document Properties tab, 
8-9, 34 

Door assembly, 228-233 
Double-rocker, 291 
Draft Tool, 162 
Drawing 

2-D of flange, 55-70 
eDrawing, 77-81 
sheet format, 71-77 
Drawing settings, 365-366 


Drawing trees, 359 
Driven dimensions, 60, 278, 
287-288 

Driven parameters, 168 
Dual Dimension units, 9 
Dynamic Zoom, 15 

E 

Edit Appearance Tool, 14 
Edit sketch, 25 
eDrawing 

adding comments, 79-81 
creating, 77-81 
part modeling, 108-109 
sending of, 81 
publish, 78 
sharing via email, 

108-109 

video and animations, 110 
Engineering design, 4-5 
Equations, parametric, 
165-168 
Exit Sketch, 10 
Exploded view, 212-216 
assembly drawing, 
241-244 

Extmded Boss/Base Tool, 
12-13, 17-18 
Extmsion, 13 

F 

Feature driven pattern, 211 
FeatureManager, 16 
FeatureManager® Design 
Tree, 8 
Fillet, 22, 24 

Fillet Tool, 22-23, 43-44 
Filter, 232 

Finite Element Analysis 
(FEA), 357-358 
common errors by users 
of, 357-358 
defined, 357 
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inappropriate boundary 
conditions, 358 
inappropriate choice of 
elements, 357 
linear behavior, 358 
misinterpretation, 358 
Flat-Pattern, 340 
Flatten-Bends, 340 
Flatten Tool, 340 
Floor plan, 253-265 
Fly-out feature, 7 
Four-bar linkage, 295-297, 
296 

assembly model, 300-304 
development of, 297-300 
mechanism design, 
309-314 

modifying length of links, 
309-314 

motion simulation, 
309-314 

simulation and animation, 
304-309 

Four-hole pattern, 104-106 
Four-View option, 26 
Front Plane, 9 

Front Plane, selecting of, 9-10 
Front View, 17 
Fully Defined, 11 
Fused Deposition Modeling 
(FDM), 353 

G 

Geometric dimensioning, 67 
Geometric Dimensioning and 
Tolerancing (GD&T), 67 
Geometric Tolerance Tool, 67 
Geometric tolerances, 66, 67 
Geometry 
defined, 88 

swept and part creation, 
130-134 

Global Variables, 165 
Groups, 375-376 


Guide curve, 129 

H 

Handlebars, 135-136 
Heads-Up View Toolbar, 13 
Helix, 132-134 
Hidden lines, 56 
Hide/Show Items Tool, 14 
Hinge pin, 227-228 
Holes, see also Bolt holes, 

Circular Pattern Tool, 164 
Hole Wizard, 193-195 
Horizontal relations, 32 

I 

Independent parameter, 152 
Industrial design, 129 
Industrial engineering, 265 
Instant 2D, 9 
Instant 3D, 9 

International Organization 
for Standardization 
(ISO), 8 

Intersections, and mismatch, 
159 

IPS (inch, pound, second), 8 
ISO. see International 
Organization for 
Standardization (ISO) 
Isometric view, 14 
dimensions, 137 


J 

Jetting 

Binder, 353 
Material, 353-354 
Joints, 295 

K 

Keyboard shortcuts, 377-379 
K-factor, 340 

Kinematic analysis, 284-285, 
285 

position analysis, 285 


Kinematic sketch, 284-291 
crank-rocker, 288 
double-rocker, 291 
driven dimensions, 278, 
287-288 

L 

Layout sketch, 285 
Line Tool, 42 
Links, 295 

Lofted and shelled part, 
119-129 

business card holder, 
119-129 

design intent, 123 
fillet tool, 125-126 
guide curve, 122 
Shell command, 

124-125 

M 

Machine design, 310 
Machine dynamics, 310 
Manufacturing 

considerations, 214 
Manufacturing processes, 67 
Manufacturing Resource 
Planning (MRP), 360 
Mass Properties, 45, 47-48, 
91 

Mate Alignment Tool, 201 
Mated assembly, 297 
Mate Dialog Box, 201 
Mate PropertyManager, 200 
Material extrusion, 353 
Material jetting, 353 
Materials and processes, 337 
Materials, mass properties, 
45, 47-48, 91 
Mates, 197 
Mate Tool, 200-205 
Mechanics of materials, 269 
Mechanism, 295 
Menu bar, 6-7 
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Mechanism analysis, 

295- 314 

design investigation, 
309-314 

design with SOLIDWORKS 
assemblies, 296-297 
development of four-bar 
linkage, 300-304 
development of part 
models of links, 

297-300 

introduction to, 295-296 
simulations and 
animation, 304-309 
Mechanism design, 

296- 297 
Metrology, 67 

Microsoft Excel Spreadsheet, 
design table, 174-176, 
178 

Mid Plane extmsion, 90 
Mirror Entities, 98 
Mirror image, 98 
Mirroring 
arcs, 98-99 
and symmetric sketch, 
96-97 

Modeling techniques, 85-107 
Model View Tool, 69-70 
Mold, 325-338 
base, 326 

core-and-cavity, 330-338 
cylindrical part, 325-330 
two-part, 325-330 
Molded flange, 152-164 
blending with ribs, 
159-160 

Motion Studies Properties 
PropertyManager, 307 
Motion study, 304-309 
Motion Study Properties Tool, 
307 

MotionManager, 110-111, 
304-309 


Motor PropertyManager, 
306 

Motor Tool, 305 
Mouse Gestures tab, 
379-380 


N 

Newton's Second Law, 47 
No Bends Tool, 341 
Normal To Tool, 14 
Note Tool, 68-69 

O 

Offset Entities Tool, 122 
Options Tool, 8 
Over Defined, 11 
Orthographic projections, 15 

P 

Pan Tool, 15 
Parametric equations, 
165-168 

Parametric model 

introduction to, 151-152 
molded flange, 152-164 
Part-level features, 208 
Part modeling 
animation, 304 
bracket, 94-107 
business card holder, 
119-129 

and design table, 176-183 
eDrawing, 108-109 
hinge pin, 227-228 
lofted and shelled part, 
119-129 

swept geometry, 130-134 
wide-flange beam section, 
86-93 

Part settings, 362-365 
Part template, 36 
Perspective mode, 15 
Photopolymer, 352 


Photo View 360, 15 
Pierce relation, 134 
Pilot holes, 206 
Pin joints, 296, 297 
Plane alignment, 85, 34 
Playback mode, 308 
Plane, creating new, 16-17 
Plane of symmetry, 85 
Position analysis, 285 
Powder bed fusion, 352 
Previous View Tool, 13 
Process management, 
359-360 

Product Data Management 
(PDM), 358-360 
Product Data Management 
(PDM) software, 359 
Product development cycle, 
351-360 

finite element analysis 
(FEA), 357-358 
introduction to, 351 
product data management, 
358-360 
Product Lifecycle 

Management (PLM), 

360 

Properties, finding, 266-268 
PropertyManager, 10, 13, 28 
and circle tool, 10 
moving of, 373 
and tool selection, 10 

R 

Radius dimension, 39 
Record video option, 

110-111 

Reference Geometry Tool, 

133 

Reference Plane, 95 
Relations, see Sketch Relations 
Resolution, and .stl files, 

356 

Resultant vector, 277 
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Revolved Boss/Base Tool, 40 
Revolved features, 31, 35 
Revolved geometry, 31-32, 
35-48 

Rib pattern, 162-163, 
165-166 

Ribs, 100-103, 156-157 
Rotary motor, adding, 
306-307 

Rotate View Tool, 15 
Round, 22 

S 

Save, 18 

Scale factor, 329 
"Scissors" action, 297 
Screw threads, 171-172 
Section properties of a shape, 
calculating, 267-268, 
270 

Section Properties Tool, 90 
Section View Tool, 13 
Selective Laser Sintering 
(SLS), 352-353 
Settings, recommended, 
361-368 

Sheet format, 71-77 
Sheet lamination processes, 
354 

Sheet metal part, 338-346 
Sheet Metal toolbar, 339 
Shell command, 124-125 
Shelled part, see Lofted and 
shelled part 
Shell Tool, 125 
Shrinkage, in molding 
material, 329 
Simulations, 304-309 
Sintered, 353 
SI units, 9 

Sketch and Features tabs, 7 
Sketch dimensions, editing, 
25-26 

Sketch relations, 12, 30-35, 
127, 136 


Smart Dimension Tool, 

11-12, 17, 29-30 
Solid modeling 

and engineering design, 
4-5 

introduction to, 3 
Solid part, 5-24. see also 
Flange 

SOLIDWORKS interface, use 
and customization, 
371-380 

SOLIDWORKS® program, 
defined, 3 

SOLIDWORKS Motion, 305 
Statistical Process Control 
(SPC), 67 
Status Bar, 7-8 
Stereolithography, 352, 
354-356 

Stereolithography (.stl) file, 
354-356 
Stl files, 354-356 
creating, 355 
resolution, 356 
Sweep path, 130-134 
3-D sketch, 135-141 
helix, 132-134 
Symmetric sketch, 94 
Symmetry, 34, 85 
System settings, 361-362 
summary of recommended 
settings, 369 


T 

Tabs, sheet metal part, 
341-343 

Tangent Arc Tool, 97 
Task Pane, 7, 28 

applying textures, 28 
Techniques, modeling, see 
Modeling techniques 
Template, 36 
Text, adding to part, 127 
Thin feature extmsion, 192 


3-D printing, 352 
3-D sketch 
fillets, 139 

fully defined, 138-139 
handlebars, 135-141 
options, 136 

and sweep path, 135-141 
Title block, 71 
Tolerance, 55 

and dimensions, 66, 67 
Toolbars 

adding tools, 374 
and command manager, 
371-372 

icons and text labels, 
374-375 

mixing and matching, 
375 

removing tools, 374 
use and customization, 
371-372 

Tool selection, 10 
Total Quality Management 
(TQM), 360 

Transfer settings, 367-368 
Triad Tool, 199-200 
Trim Entities Tool, 87-88 
Trimetric view, 14 
2-D drawing, 4, 55-66 
center hole, 62-64 
chamfer, 64-66 
dimensions, 60-62 
flange, 55-70 
options and settings, 
56-59 

part file import, 59 
pictorial view, 69-70 
trimetric view, 69-70 
2-D layouts, 253-268 
floor plan, 253-265 
properties of 2-D shapes, 
266-268 
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2-D sketch, into a 3-D part, 
12-13 

Two-part mold, 325-330 

U 

Under Defined, 11 
Undo Tool, 27 
Units and Dimension 
Standard box, 5-6 
default values, 5-6 
US units, 9 


V 

Vat polymerization, 352 
Vector addition, 275-281 
Vector drawing, 275-278 
equations, 281-284 
kinematic sketch, 284-291 
modifying, 278-281 
Vertical relations, 32 
Video, and part modeling, 
110-111 

Video compression, 308 


View Orientation Tool, 14 
View Selector Tool, 14 
View Settings Tool, 15 

W 

Widescreen mode, 373 

Z 

Zoom to Area Tool, 13 
Zoom to Fit Tool, 13 


